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Our very warm congratulations to this famous paper © 


THE ENGINEER 
on its Centenary and on the 
immensely valuable services which it has 


for so long rendered to engineering science 


and progress throughout the world 
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Hall in 1885, the year of the 
Company’s centenary. 
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aa \VG return the compliment 


Over seventy years ago, “The Engineer” was able to congratulate us on 
our hundredth birthday, and it is with great pleasure 
that we now say, ‘‘And the same to you!” 


John Hall, Senior, set up his smithy at Dartford in 1785, and later a foundry on the 
present site of the Works. From this was developed a large engineering works producing 
beam engines, trunk engines and machinery for a wide range of industries. In 1878, th 
firm of J. & E. Hall, named after the sons of the founder, decided to concentrate on the 
manufacture of refrigerating equipment. They first produced cold air machines and in 
1888 the earliest successful CO, machines. These were so satisfactory for marine use that 


today three-fifths of the World’s refrigerated cargo capacity is cooled by CO, machines 
& e does a i l ’ , manufactured by J. & E. Hall. 
* * Limited 


For land refrigeration, J. & E. Hall perfected the high speed ammonia compressor. They 
have manufactured plants for use in all parts of the World, including some which are the 
largest of their respective types ever built. In recent years, installations have been produced 
Refrigeration, Lift and Escalator Engineers using freon as the refrigerant. Since 1928 small automatic refrigerating equipment using 
methyl chloride has been manufactured. 


DARTFORD KENT Other J. & E. Hall products include lifts and lift equipment for use on land and sea, and 


escalators of the silent type, used in department stores and other establishments where 
there is considerable passenger traffic between floors. 
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The Engineer 


Centenary Number 


A STUDY OF INFLUENCES ON ENGINEERING ADVANCEMENT 


1856-1956 


Birth of an Idea 


What cogitations have troubled us all, and more particularly the 
Editor, these several years past about how best to observe our 
Centenary !| Yes, indeed ; it takes years to prepare for a Centenary ! 

Something must surely be produced to mark the event. But 
what ? At first a book seemed the obvious answer ; a book sur- 
veying the history of the journal. Some remarkable volumes of 
that kind have been published on the occasions of the Centenaries, 
bi-Centenaries and even tri-Centenaries of certain firms and societies. 
But what is there to say about the history of a journal ? There 
fall, of course, to be recorded changes of address. Something can 
be said about the characters of generations of proprietors and 
editors. There are relationships with blockmakers and printers to 
be mentioned. Something can, perhaps, be made of the changes 
wrought by the years in the appearance of the journal and in 
editorial policy and advertising methods. There will certainly be 
many old engravings worthy of reproduction. But is there the stuff 
here to make a book ? Hardly! An entertaining pamphlet per- 
haps ; but not a book. There might, of course, be added some 
accounts of the journal’s relationships with eminent and less eminent 
men of past days who contributed to its pages. It has been the 
happiness of THE ENGINEER to be associated not only with some 
of the greatest engineers of the past but with some of the oddest, 
too! But—alas !—there are no records, only legends passed down 
from generation to generation, entertaining indeed, but only too 
probably apocryphal. The project, regretfully, had to be 
abandoned. Sufficient material did not exist for such a book. 

The Editor next suggested—a little portentously—that in reality 
the history of a journal was that of the field which it covered. All 
that was needed, therefore, was to get a number of authors together 
to write articles about the development of various engineering 
products between 1856 and 1956. These articles, together with a 
short history of THE ENGINEER itself could then be published as a 
Centenary Number, in format and make-up as nearly like an ordinary 
issue as possible. 

This seemed a very promising approach—until the attempt was 
made to write down the subjects of the articles. The trouble is not 
that there are too few, but that there are far too many ! Our Editor 
rather blanched at the thought of finding over 200 authors ; and 
started back affrighted at the idea of approaching some eminent 
engineer with a request, for example, for a complete history of the 
steam turbine in half-a-column ! So that idea had to be rejected, too. 

The problem seemed insoluble. But the Editor, being descended 
of Editors, was not discouraged. Besides, he still had a year or two 
in hand! Moreover, he knew what to do about it. Given time, 
the resilience of the human mind is astonishing. He just tucked 
the problem, neatly docketed, into his “‘ unconscious ” and forgot 
about it. In due course the answer revealed itself (so he says) 
unheralded, and apropos of nothing about which he was then 
thinking, in a train halfway between Lewes and London! It was 
to present to a relatively few eminent authors some very broad titles 
like Oil, Electricity or Agriculture and ask them to write about the 
influence engineering advances in those fields had had or were 
having on engineering advancement as a whole. How better, he 
asked, could a journal, almost unique in covering the whole engineer- 
ing field, better express its conviction that, despite the growth of 
specialisation, there still exists a unity in engineering advance and 





experience, than by asking some eminent authors to demonstrate it ? 

Of course, the idea was not conceived in a flash, complete, as 
expressed in this Centenary Number. Many details remained to 
be settled. How many pages were there to be in the issue ? Was 
the editorial to include colour engravings ? What kind of paper 
was it to be printed on ? What was the design of the cover to be, 
and who was to design it? How was the Number to be dis- 
tributed and to whom ? How much would it all cost ? And so 
on. In deciding those questions the heat and burden of the day 
fell on the Directors and more particularly the Manager. For the 
latter had, in addition, to contend with a heavy flow of advertising 
correspondence and to work out printing schedules and so forth. 
Moreover, as the months passed, new ideas were conceived and 
each had to be critically examined and either adopted or discarded. 
Doubts, even, occasionally intruded. There was, for example, 
at one time—if I remember rightly—a return to the idea that the 
articles should be published in book form. This, it can be seen 
now, was quite ridiculous, It possibly arose out of a feeling that 
if a Centenary Number were published to look as reasonably like 
an ordinary issue as possible, advertisements would have to be 
included and that people would then accuse us of making money 
out of the Centenary. But—Good Gracious !—even the Editor 
sometimes admits that the advertisements add to the interest and 
help to sell our ordinary issues. Advertisers would, I feel, have 
had a just complaint against us if they had not been allowed to 
contribute to this Centenary Number; and a very interesting 
contribution they have made. 

As for the authors of the articles, the Editor has already expressed 
his more personal thanks to them. That of Morgan Brothers 
(Publishers), Ltd., is also due to them. They were given, I under- 
stand, a free hand to treat their subjects as they liked, technically or 
broadly, historically or otherwise. Their methods have proved to 
be as varied as their characters. Their contributions have only 
this incommon. They are all very well worth reading. 

Thanks should also be expressed here to a number of firms 
and individuals who have helped in the preparation of this Number; 
first and foremost, of course, to George Reveirs, Ltd., which 
printed it, and then to The Haycock Press, which printed the four- 
colour sections ; to Charles Birchall and Sons, Ltd., which bound 
it; to John Swain and Son, Ltd., which made all the blocks for 
editorial illustrations ; to Mr. Reynolds Stone for the delightful 
lettering and the whole design of the front cover; to Mr. Guy 
Gravett for the taking of colour photographs of the Crawley by-pass 
road and the L.C.C. Northern Outfall works ; to Photo-Finishers, 
Ltd., for a colour photograph of a laboratory at Sheffield University ; 
and to Mr. W. A. Speed, of the Woodall-Duckham Construction 
Company, Ltd., for a colour photograph of Swan Village gasworks ; 
and to a number of firms and organisations acknowledged in the 
text, for making colour and black and white photographs available. 


DY (hadw yck - os . 


CHAIRMAN 


Morgan Brothers (Publishers) Ltd., 
Proprietors of ‘‘The Engineer ”’ 
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History of “The Engineer” 


NE hundred years ago to-day, on 
January 4, 1856, when the first number 
of THE ENGINEER appeared, there were but 
few periodicals in this country which made 
it their business to record engineering 
developments and achievements. Our oldest 
contemporary, we believe, is Mechanics, 
which goes back as far as 1823, in which 
year it was started under the title of Mechanic’s 
Magazine. There were also a few other 
papers devoted almost exclusively to civil 
engineering and building, to railways, to 
mining, and to gas ; some of them, happily, 
are already in their second century, but the 
rest have long since ceased publication. In 
the mid-nineteenth century, however, it was 
evident that there was a place for a technical 
newspaper for engineers, and 
it was to fill that place that 
THE ENGINEER was established. 
The Great Exhibition of 1851 
had given fresh impetus to 
engineering development, and 
the years immediately succeed- 
ing it brought a spate of 
inventions. These factors un- 


doubtedly influenced the 
decision of Mr. Edward Charles 
Healey to found this journal. It 
has been suggested that Mr. 
Healey’s financial interests in 
railways and in the Bourdon 
gauge, which had then recently 


been put on the market, 
prompted the starting of this 
journal. That may have been 
so, though there is actually no 
evidence at all that the editorial 
pages of THE ENGINEER were 
used to promote the financial 
interests of its founder. Cer- 
tainly, the first issue of this 
journal contained a_ leading 
article entitled ““The Mechanical 
Philosophy of Railways.” That 
article opened with the com- 
ment: “Comparing our general 
system of steam locomotion 
with our previous system of 
horse locomotion, we are im- 
pelled to admit that the 
stewards of steam have done 
far less with their ten talents 
than the stewards of animal 
power did with their one talent, 
whether commercially or 
mechanically. Had the sys- 
tem of horse traction been 
conducted with a tithe of the mis- 
management existing on railways it must 
have resulted in universal bankruptcy.” 
Comment of that nature may have been 
quickened by reflections upon railway invest- 
ments! At this distance, however, it seems 
far more likely that the comment was in 
fulfilment of the promise, “‘ To Our Readers,” 
printed in the same issue, that THE ENGINEER 
would “‘ express its opinions in such a manner, 
and on such evidence, as shall command 
confidence.” From the start, this journal 
promised “ strict impartiality,” and declared 
that it would “take cognisance of all new 
works relating to the useful arts and allied 
subjects.” It was in the firm belief that, by 
the diffusion of knowledge new knowledge 
is evolved, THE ENGINEER was launched. 
Realising that there was “ certainly no want 
of scope for our exertions,” we said 
* these we are prepared to put forth in good 


faith and confidence.” In attempting to 
look back over our first hundred years, we 
feel we may modestly record that in the 
whole of that period, THE ENGINEER has not 
deviated from the principles enunciated by its 
founder. 


THE PROPRIETORS 

Edward Charles Healey, the founder of 
this journal, has been described as a man of 
great strength of mind and character, and 
of him it has also been said that there was 
always “‘a smile, a question and a pene- 
trating look.” Reference has already been 
made to Mr. Healey’s interest in railway 
development, and among his many friends 
were leaders in the sphere of railway 


Edward Charles Healey, Founder of ‘‘ The Engineer ”’ 


engineering, such as Robert Stephenson, 
Brunel and Fairbairn. Whether or not 
Edward Healey was interested in, or asso- 
ciated with, the publishing of other journals 
prior to this one has never been established. 
THE ENGINEER was “invented” when Mr. 
Healey was just over thirty ; before us now 
there is a copy of the issue dated January 
4, 1856, on the front page of which, clearly 
written and initialled by Mr. Healey himself, 
is the inscription “* This is the first copy of 
THE ENGINEER printed. Taken off the 
machine table by myself.’ It marked the 
most outstanding achievement of Mr. 
Healey’s career, and by his diligence and 
determination this journal quickly took its 
place as a technical weekly of importance. 
For very many years the sole ownership 
of THE ENGINEER continued in the hands of 
its founder’s family. That is no longer 
true ; but continuity has not been broken, 


for, happily, at this day there are direct 
descendants of the founder still taking an 
active share in the control of the paper, 
Edward Healey died in 1906, when he was 
nearly eighty-four, though he had retired 
some years prior to that date. In 1861 Mr. 
Healey took into partnership his elder 
brother, Mr. Elkanah Healey, who main. 
tained his connection with THE ENGINEER 
until his death in 1893, in the seventy-eighth 
year of his age. Mr. Elkanah Healey was 
one of the three original directors of The 
Engineer, Ltd. upon the incorporation of 
the company in 1890, the other two being 
the founder and his only son, Charles—who 
subsequently became Sir Charles Chadwyck- 
Healey, Bt. Sir Charles, who succeeded 
his father in control of Tue 
ENGINEER, was called to the 
Bar in 1872 and took silk 
in 1893. In addition to his 
distinguished career at the Bar, 
he took a leading part in the 
establishment of the R.N.V.R., 
being created a K.C.B. for his 
services. A baronetcy was 
conferred upon him in 1919 for 
his service on the Admiralty 
Transport Arbitration Board, 
Sir Charles died in 1919 and 
was succeeded in the title and 
in the chairmanship of The 
Engineer, Ltd., by his eldest 
son, Sir Gerald Chadwyck- 
Healey, who had joined the 
business in 1895. At the same 
time _his brother, Oliver 
Chadwyck-Healey, became man- 
aging director. In the first 
world war Sir Gerald served 
as Director of Materials and 
Priority at the Admiralty, for 
which he was made a C.B.E. 
In 1929, The Engineer, Ltd., 
amalgamated with Morgan 
Brothers (Publishers), Ltd., the 
proprietors of The Jronmonger 
and The Chemist and Druggist, 
founded in 1859. A new com- 
pany was formed which retained 
the title of the latter of the two 
companies mentioned, with 
Sir Gerald Chadwyck-Healey 
as its first chairman, and Oliver 
Chadwyck-Healey as a man- 
aging director. Sir Gerald con- 
tinued as chairman until 1948, 
though he did not retire from 
the board of directors until 1951. By that time, 
he had given fifty-six years of loyal and devoted 
service to the management of the paper 
founded by his grandfather; they were 
years which saw this country engaged in 
three wars, and which witnessed also the 
setbacks of the industrial depression in 
the early 1930s. Oliver Chadwyck-Healey 
succeeded his brother as chairman of Morgan 
Brothers (Publishers), Ltd., and Charles 
Chadwyck-Healey, Sir Gerald’s younger son, 
is the assistant managing director of the 
company. Thus, a grandson and a great 
grandson of the founder of THE ENGINEER 
are closely concerned in the day-to-day 
conduct of the journal. 


EDITORS AND BUSINESS MANAGERS 
Surprisingly little is known about the 
first Editor of THE ENGINEER. His name 
was Allen—we have no record of his initials ! 





_—@ oe @m we @ ws 2 ao fm FF; 


——— 





rect 


per, 
was 
red 


der 
‘in- 


EER 
ath 


_—waeew we aac Se 






It can be assumed that, in the early years, 
Edward Healey made himself responsible 
for much of the editorial policy of his paper ; 
the contents of the old volumes bear many 
marks of his forthright and independent 
views! Mr. Allen resigned in 1858, and 
was succeeded by Zerah Colburn, who has 
often been referred to as a man with a great 
enius for engineering and a brilliant pen. 
Colburn was born in the U.S.A. and came 
to this country in 1857 when he was a young 
man of twenty-five. He had received his 
engineering training on the Concord Railroad, 
was possessed of a remarkable memory, and 
contributed regularly to various American 
publications. Zerah Colburn’s purpose in 
coming to England was to study railway 
development, and in particular the use of coal 
as a locomotive fuel. His articles on these 
and other subjects attracted the attention of 
the proprietor of THE ENGINEER, with the 
result that, in 1858, he was appointed to 
“an influential position on the staff.” 
Colburn continued in that position for a 
couple of years and then returned to America, 
where he started, and ran for a few months, 
a journal entitled The American Engineer. 
He came back again to London in 1861 
and resumed his work on THE ENGINEER. 
But genius though he must have been, Zerah 
Colburn displayed so many eccentricities 
that his resignation became inevitable, and 
towards the end of 1864 his association 
with this journal ceased. 

The appointment of the next editor marked 
the beginning of a dynasty! Vaughan 
Pendred, a young Irishman, came to England 
in 1862 to make his way as an engineer. 
He obtained a position with a small firm in 
Staffordshire which made traction engines 
and agricultural machinery, and there he 
gained some valuable experience. But his 
inclinations were towards a literary life, and 
for years he had written letters to the 
technical papers. For eighteen months 
or so, Vaughan Pendred was editor of the 
Mechanic’s Magazine, and, then, he was 
invited by Edward Healey to take the 
editorial chair of THE ENGINEER. Vaughan 
Pendred began his editorship of this journal 
in 1865, when he was twenty-nine, and for 
the next forty years he devoted himself 
untiringly to its development and progress. 
His life’s work is portrayed in the eighty or 
so volumes which were produced under his 
direction. He missed no opportunity of exten- 
ding the field and increasing the influence 
of this paper, and he introduced several 
innovations which were a departure from 
such traditions of technical journalism as 
then existed. One of these traditions was 
the reliance on patent specifications for 
subjects for illustration. Vaughan Pendred 
held that the current practice of the day 
should be represented, and, not without 
some difficulty, he persuaded manufacturing 
engineers to permit him to publish drawings 
of their actual products. This development 
greatly increased the usefulness of THE 
ENGINEER. Pursuing the same idea, Vaughan 
Pendred took a further step and started the 
publication of THE ENGINEER “ portfolio of 
working drawings ”’ on tracing paper. This 
was long before the days of blue prints, and 
these tracings were enthusiastically received 
by our readers. Ultimately, however, their 
publication had to be abandoned mainly 


‘because of the precautions which had to be 


taken to prevent spontaneous combustion 
of the large piles of paper rendered trans- 
parent by a special preparation in which wax 
and other hydro-carbons played an important 
part. 

Vaughan Pendred’s impact upon THE 
ENGINEER was not, however, restricted to 
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Zerah Colburn, Editor 1858 - 1864 
its illustrations. His own articles, and those 
of many distinguished contributors whom 
he gathered around him, were written in a 
terse and energetic style, and throughout 
bore the marks of practical common sense. 
In every matter concerned with the art and 
science of engineering, Vaughan Pendred 
showed a keen interest, and there can have 
been few matters which escaped the notice 
of the paper he edited ! Not only was he a 
master of technical description and criticism, 
he was also, when occasion required, a 
forceful advocate of ways in which the work 
of engineers could be of increasing benefit 
to mankind. Thus, for example, in putting 
on record in 1872 a “ Day of National 
Thanksgiving ” for the recovery of the then 
Prince of Wales from an attack of typhoid 
fever, the Editor of THE ENGINEER stressed 
the necessity for expert attention to the 
problems of sanitation, refuse disposal and 
water purification ! Or, when the question 
of moving the old Temple Bar from the 
Strand-Fleet Street boundary was being 





Vaughan Pendred, Editor 1865 - 1905 


discussed, Vaughan Pendred produced a 
detailed scheme in our columns—complete 
with a carefully prepared woodcut illustration 
—for transferring the whole structure to a 
site on the Embankment, at the foot of the 
Essex Stairs—a few yards away from our 
present offices! Matters of this kind, and 
many others, Vaughan Pendred consistently 
claimed, were affairs in which engineers 
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should take an active interest. Everything 
that he wrote was set down in fluent and 
dignified prose; yet his writing never 
became “heavy,” for it was so frequently 
interspersed with flashes of the Irishman’s wit. 

In the late 1880s W. Worby Beaumont, a 
mechanical engineer with a special interest 
in road vehicles, joined Vaughan Pendred 
as assistant editor. The arrangement was 
on a part-time basis, as Worby Beaumont 
never put in more than half a day at the 
office! Vaughan Pendred’s first full-time 
assistant was his second son, Loughnan St. 
Lawrence Pendred. He had completed his 
engineering training and had been engaged 
in French railway works, and in the Elswick 
ordnance works before joining THE 
ENGINEER in 1896. When his father retired 
in 1905, after a distinguished editorship of 
forty years, Lough. Pendred—as he was 
always known—succeeded him. His tenure 
of the editorial chair, extending as it did over 
the next forty-one years, was no less dis- 
tinguished than his father’s. Lough. Pendred 
carried the editorial responsibility for this 
journal under the stress of two great wars, 
and through the industrial depression of 
the ’thirties. He introduced changes of 
style and make-up, all of which v. ere designed 
to increase the value of the journal to 
engineers and to ensure that it kept pace 
with modern demands. Although, perhaps, 
not strictly within the scope of this short 
history, it is interesting to record some of 
Lough. Pendred’s many devoted services to 
the engineering profession. Upon the 
occasion of our Centenary, we are proud to 
remember that the then editor-in-chief of 
this journal was president of the Institution 
of Mechanical Engineers in 1930, the year 
in which that Institution. received its Royal 
Charter ; was a founder member and twice 
president of the Newcomen Society, and was 
also president, for two years, of the Institution 
of Engineers-in-Charge. In 1934, Lough. 
Pendred was created C.B.E. in recognition 
of his work for the profession of engineering. 
By that time his second son, Benjamin W. 
Pendred, had joined the editorial staff. He 
succeeded his father as editor-in-chief in 
April, 1946, a position which he continues 
to occupy. Thus for ninety-one years of 
its first century, the editorial conduct of 
THE ENGINEER has been the responsibility 
of three Pendreds—father, son and grandson. 

But not only are there records of out- 
standing service amongst the editors of THE 
ENGINEER. The work of its managers on 
the advertising and publishing side is note- 
worthy. The first manager, or publisher as 
he was then described, was Bernard Luxton. 
After the first ten years or so, he was suc- 
ceeded by George Leopold Riche, who, it 
is said, was “‘a fine figure of a man, with a 
handsome and dignified appearance.” It is 
clear from the records of the time that Riche 
was also an energetic man of business, and 
that during his reign the number of firms 
using our columns for advertising steadily 
increased. In 1879, Sydney White, who was 
a nephew by marriage of the founder, joined 
the staff as Riche’s assistant and shortly 
afterwards succeeded him as manager. 
Sydney White, like his predecessors, was a 
man of dignity whose kindness and courtesy 
were combined with a keen business ability. 
During the forty years or so in which he was 
manager of THE ENGINEER, he could count 
numerous of its advertisers and readers 
among his friends. He retired from his full- 
time duties for the paper in 1919, though he 
continued to serve as a director of The 
Engineer, Ltd., until 1929. Following Sydney 
White’s retirement in 1919, Randal Slacke 
was appointed manager. He had had con- 
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siderable experience in the engineering 
industry, particularly in electrical engineering, 
and ably handled the increasing demands 
upon the advertising department as industry 
recovered from the stresses of the first world 
war. But, lamentably, early in 1922, Randal 
Slacke died as a result of an accident while 
hunting. 

The next appointment to the office of 
manager was that of Arthur Ronald Vaughan, 
M.B.E., a marine engineer with an extensive 
knowledge of the whole of the engineering 
industry. He joined the paper in June, 1922, 
and continued as its manager until 1949, a 
period of twenty-seven years, during the 
last four of which he was also joint managing 
director of Morgan Brothers (Publishers), 
Ltd. He retired from the Board of the 
Company in June, 1955. During A. R. 
Vaughan’s years as manager there were many 
and rapid developments in the art of tech- 
nical advertising, especially in colour adver- 
tisements. It was his responsibility to intro- 
duce, in 1931, a new outside cover, in colour, 
for THE ENGINEER. Up till then, the outside 
cover had borne from the beginning the 
“Public Announcements” of Government 
establishments, municipal undertakings and 
similar organisations. When A. R. Vaughan 
relinquished the position of manager in 1949 
he was succeeded by the present manager, 
E. J. Hague, O.B.E., who is also a director 
of Morgan Brothers (Publishers), Ltd. 


OFFICES 


It is not without interest to recall that 
during its first century THE ENGINEER has 
occupied five different offices, four of them 
in the East Strand area of London. For the 
first two years, two establishments were 
maintained, the publishing office at 301, 
Strand, and the editor’s headquarters at 32, 
Bucklersbury, in the City. Just how and 
why this arrangement was made is not known, 
nor is there any record of the method of 
communication employed between editor 
and publisher ! 

In 1858, however, both departments of the 
paper were brought together in offices at 163, 
Strand, a building whose exterior presents 
now pretty much the same appearance as it 
did then. The move marked a stage of our 
progress, and was explained in a leading 
article published on January 1, 1858. Therein 
we wrote: “Knowing our own short- 
comings, the feathery part of our editorial 
pen bristles up like the coat of a frightened 
cat, prepared for an attack upon all quarters, 
saving our hind ones, from any section of our 
readers, young, old, or middle-aged, and to 
defend our rights, and offer explanations for 
all we have said and done during the past 
year, or for all we have left unsaid and 
undone, according to editorial privileges in 
such cases made and provided.... We 
flatter ourselves that we know what our 
readers want as well if not a little better than 
they do themselves, from the most solid and 
practicable even to the most ethereal and 
impractical of them ; but the difficulty of 
collecting practical information being known 
only to ourselves, many of them may make 
a great mistake in drawing a conclusion 
from an occasional omission in our columns.” 
With this bit of “‘ sermonising ” we told the 
readers of plans for the further improvement 
of THE ENGINEER, and went on to say that : 
“* More effectually to work out our plans of 
improvement, we have considered it essential 
to concentrate our offices, both in the 
publishing and editorial departments, under 
one roof, and to this end we have succeeded 
in procuring commodious premises at 163, 
Strand (a few doors from Somerset House). 
Ta this sanctum sanctorum we propose to 


preside over the mechanical genius of the 
country, to teach the young idea to shoot, so 
as not to miss the mark which should be 
aimed at, namely, the utilisation of inven- 
tions.” 

For thirty-three years THE ENGINEER made 
its headquarters at 163, Strand, and during 
that time we were able to claim that its 
circulation had reached “a point far beyond 
anything that could have been anticipated.” 
To that we added “there is no place, we 
believe, in the world to which a newspaper 
can be sent to which THE ENGINEER is not 
regularly transmitted.” In October, 1891, 
we remarked that “‘ in engineering there is no 
going backwards ; it is impossible to stand 
still.” We made the further comment that 


George, Founder of George Reveirs, Ltd. 


“what is true of engineering is necessarily 
true of any journal which will satisfy the 
demands of engineers ; and our readers may 
rest assured that we have no more intention 
of standing still than they have... we 
must let the future speak for itself.” These 
observations led up to the announcement that 
we had moved to 33, Norfolk Street, Strand. 
The development of the journal and the great 
increase in its business transactions had been 
sufficient in themselves, we explained, “to 
render the need for larger and in every way 
more commodious premises imperative.” 
Thus, at 33, Norfolk Street, “‘in proximity to 
the Temple Station of the District Railway,” 
we resided for nearly forty years. It is an 
address, we believe, which, during that 
period, became known to engineers all over 
the world. 

The next move of premises was made in 
May, 1930. It resulted from the amalgama- 
tion, a year earlier, with Morgan Brothers 
(Publishers), Ltd. It was obviously desirable 
that all the company’s publications should 
have their head offices at one address, and a 
modern building at 28, Essex Street, Strand, 
was therefore acquired. 


Our PRINTERS 


No record of the development and pro- 
gress of THE ENGINEER could be complete 
without some reference to the work of its 


printers, George Reveirs, Ltd. The founder 
of that business, George Reveirs, composed 
the original prospectus heralding the advent 


of this journal. He was then on the com- 
posing room staff of the printing house of 
Samuel Taylor, Greystoke Place, off Fetter 
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Lane. Soon after THE ENGINEER started 
George Reveirs was appointed manager at 
the printers and in 1874 he purchased the 
business from Samuel Taylor’s executors, 
By that time George Reveirs’s son—also 
named George—was completing his appren. 
ticeship at Greystoke Place, and subsequently 
he succeeded his father as head of the bugj- 
ness. He, in turn, was succeeded by his son, 
George Leopold Reveirs, who, although now 
retired from the active management, remains 
a director of the company which has rendered 
long and loyal service in the production of 
this journal. 

For the first three-quarters of the century 
the printing of THE ENGINEER was done in 
the works housed in some old buildings in 
Greystoke Place. George Reveirs, the First, 
the Second, and the Third, during their respec. 
tive “reigns,” looked upon THE ENGINEER 
press day and printing night as the most 
important period of the week. Always they 
were on the spot not only to advise, but also 
to give their expert assistance. Towards 
the end of 1930, George Reveirs, Ltd, 
transferred its business to the new and much 
larger works in Rosebery Avenue, where 
THE ENGINEER continues to be printed. 
There, among the composing-room staff 
especially, there are some who have worked 
on the printing of this journal for nearly 
half of its first century—and one at least 
longer than that. Their keenness to turn 
out a “ good job ” does not lessen. The only 
time during which the printing has not been 
done at the Reveirs’s works was for a few 
months in the early part of the second world 
war. Then, following the advice of the 
Government, the printing was “* evacuated ” 
to William Clowes and Sons, Ltd., at Beccles, 
Suffolk. But the Reveirs’s organisation 
remained responsible and several members 
of its staff were at Beccles throughout our 
six or seven months there to do the work to 
which they were so well accustomed. 

The engravers also have made a notable 
contribution to the production of THE 
ENGINEER. Since the day of woodcuts— 
some examples of which are reproduced on 
succeeding pages—the blocks for our illus- 
trations have been made by John Swain and 
Son, Ltd. 


CONCLUSION 


We are very conscious that this short 
history has become concerned mainly with 
people and places. But all the people and 
places mentioned have played a major part 
in shaping and shepherding THE ENGINEER 
through its first hundred years. Much more 
could be written about the work this journal 
has accomplished and continues to accomp- 
lish, in the role for which it was established 
in 1856—the recording and exposition of 
events and developments in the ever-extending 
field of engineering progress. Much could 
be said, too, about the content of its adver- 
tisement pages, about the developments in 
technical advertising and about the fact that 
among the many firms which regularly use 
those pages, there are still some who were 
‘in at the beginning.” Furthermore, there 
could appropriately have been some observa- 
tions about the advances in make-up, 
typography and appearance that have been 
made in this journal. 

As we look back over the years, so we look 
forward. On January 4, 1856, we remarked 
that “ by judicious division of labour, and 
the co-operation which we hope to find... 
we have considerable confidence that little 
will escape our notice worth placing before 
our readers.” To-day, grateful for the 
co-operation which we continue to enjoy, 
our confidence remains “‘ considerable ” ! 








Some Early Engravings 


On this and the following pages we reproduce a number of illustrations from early 
issues of ‘* The Engineer.’’ The half-tone process of reproducing photographs 
did not come into general use until near the end of the nineteenth century. Instead 
wood-cut blocks were used and some of the engravers developed an extraordinary 
facility in producing them at high speed. Sometimes the seem to have 
been built up purely from engineers’ drawings ; sometimes photographs were 
“ copied.”” Often engravings prove to be works of art in their own right, so 
that one is pleased to see individual engravers signed them. A very limited 
selection is reproduced here. Further examples will appear in issues of ‘‘ The 
Engineer ’’ during the present year 
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The engraving of Nasmyth’s double lathe is repro- 
duced from our issue of May 23, 1856. We 
remarked of it: ‘‘ For turning bolts, pins, studs, 
etc., this double lathe is particularly convenient. 
It takes up little room and is easily worked by 
unskilled labour, whilst the proximity of the two 
lathes allows the same attendant to operate upon 
two articles at once ”’ 


The mechanism of the ‘‘ Great Westminster Clock *’ 
(Big Ben) is the subject of the second engraving, 
which appeared in our issue of October 31, 1856. 
We remarked of it: ‘‘ The clock has now been 
going for upwards of four years in its present 
situation ’’—that was in the factory of its maker, 
Mr. Dent—“‘ its entire completion being delayed 
from the necessity of determining its exact position 
in the clock tower before the spindles, etc., for 
communicating motion to the hands ’’ could be 
finished. This interest in clock mechanisms, thus 
early evinced, has continued throughout the hundred 
years’ history of this journal. A notice inscribed 
on the clock reads: ‘‘ This clock was made in 
the year of Our Lord 1854 by Frederick Dent of 
the Strand and of the Royal Exchange from the 
designs of Ed. Beckett Denison Esq.”’ 


‘* A handsome new bridge across the Nile which 
has just been completed for the Egyptian Govern- 
ment by Messrs. Shaw and Thomson, of Leadenhall 
Street, and their colleague, Mr. John Dixen, 
engineer and contractor of Laurence Pountney 
Hill,”’ is the subject of the third engraving. It 
comes from our issue of December 6, 1872. ‘‘ Time 
being an object,’’ we are told, ‘‘ the work was cone 
fided to English hands, and with a result that seems 
fully to have justified the confidence thus reposed ”’ 
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The engraving alongside, from our issue of June 13, 

ts a tank locomotive made at ‘* Mr. 
Fairbairn’: 's establishment in Canal Street, Ancoats,”’ 
Manchester. It had been ‘‘ recently tried on the 
Oldham incline on the Lancashire and Yorkshire 
Railway,’’ up which it ‘‘ took 9 loaded passenger 
carriages at the rate of 15 miles an hour.’’ The 
engine had cylinders 15in diameter by 22in stroke 
and wheels 5ft in diameter. It was, we learn, fitted 
with indiarubber packings in the horn blocks and 
also in the coupling rods. ‘‘The object of this 
arrangement is, in the first place, to allow the 
wheels of railway carriages to accommodate them- 
selves to the curved portions of the railway and 
thus diminish the wear of their flanges, and also 
to provide against wear on the sides of the axle- 

boxes”’ 





In 1867 we devoted a great deal of space and a 
series of five articles to the Abbey Mills Pumping 


in the form of a cross, two engines 

ing located in each arm side by side, the cylinders 

all disposed centrally with the large air vessel 

ois Ge Gee de oee The drawings 

rom which the engravings were made were 

** courteously placed at our disposal by Mr. 
Bazalgette ”’ 
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jn 1868 the public was excited by the appearance of some ‘‘ sharp and delicate phot s of the lunar 43 
made by Mr. Warren De La Rue, F.R.S. Our representative went to Ceoked, cor toukal, to Ane 
observatory, and in our issue of May 22nd this engraving appeared. The reflecting telescope used had a mirror 
13in in diameter and altogether four interchangeable mirrors were available: two, made by Mr. De La Rue himself, 
of speculum metal and two of silvered glass, one made by Steinheil, of Munich, and one by ‘* Mr. With.” Rather 


naturally, considering the reasons that led our representative to Cranford, by far the est of the article | 
accompanying the engraving is taken up with details of the photographic process — and oy difficulties na 


countered in astronomical photography. Reference is, for instance, made to the difficulty created, when exposures 
had to be long, by the “‘ ever varying density of the atmosphere, . . currents and meron refraction, pote 
a flickering motion of the image.”? The writer, who must surely have had his own experiences with photography, 
then goes on to remark : ‘* In taking heads upon a large scale in photographic portraiture the operator is usually 


troubled with an opposite defect, for the lines and wrinkles come out unpleasantly sharp. .. One method of | 
overcoming the difficulty—devised by Mr. John Traill Taylor, one of the editors of the ‘ British Journal of Photo- | 


graphy ’—is to string a piece of catgut between the floor and the camera, this string being played u with a 
fiddle bow during the exposure of the plate, whereby a vibratory motion is given to the camera sufficient to soften 
the sharp lines, and the music produced causes a soothing expression to creep over the face of the sitter !’’ 
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and engine 

At that time Croydon was supplied 
Cornish engines pumping from the chalk. 
i engines, ‘‘ by Messrs. Vivian,” were of 
‘‘ which is a very fine piece of work ”’ and “‘ reflects 
credit on the Kirkstall Forge Company, by whom 
it was constructed, and to whom we beg to express 
our thanks for the drawings from which our engrav- 
i pared.”? The engine ‘“‘has a 
60in. cylinder, 24in. pump plunger and 10ft. 6in. 
stroke, capable of raising with ease 24 millions of 
gallons daily to the height of 180ft. The boiler 
pressure is 45 to 50 Ib., and the duty of the engine 
is about 634 millions with inferior coal. The beam 
is composed of two wrought iron plates, 14in. thick 
and 38ft. long, having cast iron bosses and cast 
distance pieces rivetted between the plates, . . . its 
weight is about 25 tons.... The engine house 
. is of Gothic design, and is very handsome, 
and has not proved very costly. Many of the details 
have been studied from Ely Cathedral.’ The 

engineer to the works was Mr. 
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The engraving alongside, from 
our issue of July 5, 1867, es See te —— 
shows an iron floating dock : eS eet === ~~ 
** constructed a short time ago in > 
by Messrs. Randolph Elder and 
Co.’ and sent out in sections 
to Callao. It had a length of 
300ft, an external breadth of 
100ft, an internal breadth of 
76ft, and an internal depth of 
30ft. According to an accom- 
panying article, there was, in 
1867, a larger dock under con- 
struction by Campbell Johnson 
and Co. for government service 
in Bermuda, capable of berthing 
** ships of war of the tonnage 
of the Bellerophon.”’ It was 
to have a length of 381ft and an 
internal breadth of 84ft. 

























































































The view below of ‘‘ extensive buildings recently erected by Messrs. Chubb and Son at Glengall Road, Old Kent Road,”’ 

is particularly interesting as showing what the interior of a factory looked like nearly ninety years ago. It is reproduced 

from our issue of July 24, 1868. The firm concerned is, of course, that famous to this day for the making of locks, safes, and 

strong rooms. The handwork involved in manufacture in those days is indicated by the great array of benches in the back- 
ground. There is a surprisingly large amount of room about the machines 








INFLUENCES ON ENGINEERING ADVANCEMENT 1856—1956 


Part I—The Starting Point 


IN following Parts, under the general heading of “‘ Influences on Engineering Advance- 
ment 1856—1956,” a number of eminent authors discuss the varied influences that have been 
acting over the last 100 years to bring about advances in the art and science of engineering. 
But it would be of little use discussing what has happened in the last 100 years if no concep- 
tion of the situation at the start of that period was given to the reader. In this Part, there- 
fore, Mr. A. K. Bruce surveys the “ State of the Art and Science in 1856.” He has no easy task. 
For progress is not equal in the different fields of engineering endeavour. In steam machinery, 
by 1856, advances had gone far beyond those of the pioneering days of Newcomen, Watt 
and Trevithick. But in electrical engineering and internal combustion engineering pioneering 
had barely begun. Flight had been made only in lighter-than-air craft. And the science, 
as opposed to the art of engineering, was only just beginning to make large strides. Mr. 
Bruce has chosen to illuminate the situation by tabulating the names of great men alive in 
1856, together with their ages at that time, thus revealing as he discusses each man’s 
contribution to engineering advancement, whether that contribution had already been made 
or whether it was still to come. His account is adorned by reproductions of a number of old 

engravings drawn from the pages of THE ENGINEER. 
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State of the Art and Science in 1856 


By A. K. BRUCE, M.I.Mech.E., M.A.S.M.E., M.Cons.E.* 


IGH up above the Piazza Della Scala in 

Milan stands the sculptured figure of 
Leonardo da Vinci. Inscribed on the pedi- 
ment below are the words : “* A/ Rinnovatore 
Delle Arti E Delle Scienze’? (Reformer of 
Arts and Sciences). 

It would be impossible to set forth signifi- 
cant references to the art and science of any 
post-Renaissance era without paying tribute to 
Leonardo, whom we are obliged to salute as 
the engineer par excellence, the authentic fore- 
runner of the mechanical age. Incontrovertible 
is the fact that some of the developments 
which render the past century so conspic- 
uous in the history of engineering science 
are not only adumbrated but clearly sketched 
by this extraordinary man. This is not to 
affirm that activity in mechanical engineering 
science commenced during Renaissance times 
with Leonardo. Long before his day the 
philosophers, mathematicians and engineers 
of antiquity had produced works of which 
the surviving records are deeply impressive, 
though these come down to us, in great part, 
through the medium of compilers. With 
Leonardo, however, there came into the 
world one who reformed what he found 
already existing and set the course for those 
who were to follow after him. “‘ All sciences,” 
wrote Leonardo, “ are vain and full of errors 
that are not born of experience, mother of 
certainty.” Three and a half centuries later 
Lord Kelvin writes “‘ There cannot be a 
greater mistake than that of looking super- 
ciliously upon practical applications of 
science. The life and soul of science is its 
practical application.” 

The mechanical engineering science of the 
last hundred years owes an immense debt to 
the physicists and natural philosophers of 
the sixteenth, seventeenth and eighteenth 
centuries, such as Napier, Galileo, Torricelli, 
de Caus, Huygens, Hooke, Hautefeuille, 
Newton, Leibnitz, Papin, the Bernoulli and 
Euler. We must also remember the debt due 
to those commentaries which, published 
during the sixteenth century, made known 
the particulars of machines already in 
existence. Specially significant in this con- 
nection are the works of Agricola (1556), 
Jacques Beeson (1578) and Agostino Ramelli 
(1588), which, together with the printings in 
Latin (1573) of the manuscripts of Heron of 
Alexandria, had the effect of stimulating the 
activity of those who, often nameless, assisted 
in laying the foundations upon which our 
present-day mechanical engineering science 
has been built up. Carlyle describes, in a 
well-known passage, the “ path ” formed by 
the footsteps of the inventor. “ These 
are his footsteps, the beginning of a 
‘path.’ And now see: the second man 
travels naturally in the footsteps of his fore- 
goer, it is the easiest method. In the foot- 
steps of his foregoer, yet with improvements, 
with changes where such seem good ; at all 
events with enlargements, the Path ever 
widening itself as more travel it ; till at last 
there is a broad Highway whereon the whole 
world may travel and drive.” A century is 
an appreciable fraction of recorded techno- 
logical history and the progress made in any 
given century cannot be assessed without due 
reference to the situation prior to the begin- 
ning of such century. The era with which we 
are here concerned commenced in 1856, and 
since the intellectual and scientific progress 
which may be recorded in any period of time 
is, under Divine Providence, largely due to 





* Consulting Engineer. 


the singular endowments and activity of 
certain eminent individuals, we shall briefly 
consider some of those men who were active 
in the art and science of engineering round 
about the year 1856. 

It has been said that there are very few 
men whose writings “ have obtained a pre- 
scriptive right to appear, century after 
century, without the formality or impertin- 
ence of introduction by other hand.”” What is 
true of poets and philosophers is true also of 
those men whose achievements in the art and 
science of engineering havecontributed so not- 
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was a minister of the Church of Scotland - 
another commenced life as a railway guard : 
yet another was a traveller for tea and coffee. 
Several were, at the outset, shopkeepers, and 
the majority entered the world in circum. 
stances which gave them what President 
Garfield called the advantages of early 
adversity. The names (given in order of age) 
include those of seven individuals who, alive 
in 1856, had not then attained the age of 
twenty-one. 

The following pages contain particulars 
of the achievements of some of the men 
whose names are tabulated above. When 
we give consideration to the circumstances 
under which they lived and worked, we shal] 
realise how much we owe to a way of life 








AGE 


AGE 





William Fairbairn (afterwards Sir) Sixty-seven 
William) 

Robert Stirling 

Michael Faraday 

Isaac Babbitt 

Robert Stephenson ... ... ... ... 

Joseph Whitworth (afterwards Sir 
SS ae 

Isambard Kingdom Brunel .| Fifty 

James Nasmyth cea) ee ...| Forty-eight 

Elisha King Root -| Forty-eight 

Ferdinand Redtenbache ... «| Forty-seven 

William George Armstrong (after-| Forty-six 
wards Lord Armstrong) 

William Froude... ... ... 

Henri Victor Regnault 

Henry Bessemer 

John Ramsbottom 

Beau de Rochas 

Werner von Siemens ... 

George Henry Corliss 

James Prescott Joule... ... ... ... 

George Gabriel Stokes (afterwards 
Sir George) 

Edwin Laurentine Drake 


--+| Sixty-six 
..-| Sixty-five 
.| Fifty-seven 
Fifty-three 
Fifty-three 


...| Forty-six 
.-+| Forty-six 
..-| Forty-three 
.| Forty-two 
..-| Forty-one 
...| Forty 

-| Thirty-nine 
Thirty-eight 
Thirty-seven 


-| Thirty-seven 








.--| Thirty-six 
..-| Thirty-five 
-| Thirty-four 
Thirty-four 
Thirty-three 


W. J. Macquorn Rankine 
Hermann von Helmholtz ... 
Rudolf Julius Emanuel Clausius 
John Fritz dea ee See) eas Gee 
William Siemens (afterwards Sir 
William) 
William Thomson (afterwards Lord 
Kelvin) 
John Elder ... 
Charles Brown ... .. 
Gustav Anton Zeuner... ... «.. 
Joseph Wilson Swan (afterwards Sir 
Joseph) 
Franz Reuleaux... ... 
George Bailey Brayton 
Nikolaus August Otto 
Eugen Langen ... 
Gottlieb Daimler 
Carl von Linde ... 
Osborne Reynolds 
Thomas Alva Edison 
George Westinghouse. 
Sydney Gilchrist Thomas... 
Hugo Junkers cee aes 
Charles Algernon Parsons 


Thirty-two 


.--| Thirty-two 

-| Twenty-nine 
Twenty-eight 
Twenty-eight 


.--| Twenty-seven 
.--| Twenty-six 
.--| Twenty-four 
---| Twenty-three 
-»-| Twenty-two 
..-| Fourteen 
..-| Fourteen 
...| Nine 

...| Nine 

...| Five 

..| Eighteen 
Months 








were not yet born). 





(George Stephenson had been dead for eight years, Hans Christian Oersted for five years and Georg 
Simon Ohm for two years. Wilbur Wright, Rudolf Diesel, Herbert Akroyd Stuart and Aurel Stodola 








ably to the advancement of civilisation. Set 
forth in the Table are the names of some of the 
engineers, scientists and inventors who were 
alive in 1856 and whose genius and labours 
can be said to have influenced, along different 
avenues and in varying degree, the progress 
made during the ensuing century. It would 
be impossible, within the compass of the 
present article, to refer even briefly to the 
work done by all those named in the list. 
They were citizens of different nations, drawn 
from all levels of society. Most of them rose 
to eminence by virtue of innate power, 
indomitable efforts, or both. One of them 


remains unfettered. This is no new theme 
and has indeed been proclaimed from time 
immemorial. 

““So every carpenter and workmaster 
(writes an author of the second century B.C.), 
the smith also sitting by his anvil . . . the 
potter sitting at his work... All these 
trust to their hands : and every one is wise 
in his work. . . Without these cannot a city 
be inhabited: and they shall not dwell 
where they will, nor go up and down... 
But they will maintain the state of the 
world and their desire is in the work of their 


The Corliss engine here illustrated was made by Hick, Hargreaves and Co., Bolton, and exhibited at the Paris 
Exhibition of 1867. It was described in our issue of May 10, 1867 
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Men of Science.—We read that among the 
influences which led to the foundation in 
1831 of the British Association for the 
Advancement of Science, was an attack made 
on the management of the Royal Society in 
a volume by Charles Babbage, entitled 
The Decline of Science in England. Whatever 
may have been the truth about scientific 
activity in England during the first three 
decades of the nineteenth century, these 
ears were followed by a strong revival. 
Collaboration between the scientist and the 
ractical engineer has ever been a vital 
stimulant to all technological progress and 
never was it more 
conspicuous than 
during the epoch in 
which THE ENGINEER 
made its first appear- 
ance. One has only 
to recall the influence 
of such as William 
Thomson (afterwards 
Lord Kelvin), Joule 
and Rankine in Great 
Britain ; of Reuleaux, 
Clausius, Helmholtz, 
Redtenbacher and 
Zeuner in Germany 
and Switzerland, and 
of Regnault and 
Clapeyron in France, 
to realise how invalu- 
able in the engineer- 
ing history of the 
mid-nineteenth cent- 
ury were the efforts 
of those whom we 
may call the savants. 
During 1843 James 
Prescott Joule de- 
scribed certain ex- 
periments carried out 
by him with a view to 
determining the 
mechanical equiva- 
lent of heat. Joule 
read his paper before 
a meeting of the 
British Association 
at Cork and we read 
that it was listened 
to by “an unwilling 
audience of six.” In 
1849 he published the 
results of further ex- 
periments which con- 
firmed the law of the 
conservation of 
energy and estab- 
lished the dynamical 
theory of heat. 
Writing, many 
years later, of Joule’s 
experiments, Lord 


Fig 1. 
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Government in 1854—were described by 
Rankine as “‘ almost unparalleled for extent 
and precision.” In 1849, William Thomson 
published his Account of Carnot’s Theory 
of the Motive Power of Heat, which he had 
come across four years earlier when studying 
under Regnault in Paris. It is worth recalling 
that in 1849 the future Lord Kelvin (then 
aged twenty-five) had for three years occupied 
the Chair of Natural Philosophy at Glasgow, 
his laboratory consisting, at the outset, of 
“one room and the adjoining coal cellar.” 
During 1852 William Thomson’s intimate 
friend and collaborator, George Gabriel 
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Kelvin remarked that 
“The full conversion The 
of the scientific world 
to the kinetic theory 
of heat took place 
about the middle of this (the nineteenth) cen- 
tury, and was no doubt an immediate con- 
sequence of Joule’s work, although Rumford 
and Davy’s demonstrative experiments, and 
the ingenious and penetrating speculations of 
Mohr, and Séguin, and Mayer, and the 
experimental thermodynamic measurements 
of Colding, all no doubt contributed to the 
result.” In 1847, Hermann von Helmholtz 
had published his noted paper ‘‘ Ueber die 
Erhaltung der Kraft,” and during the same 
year Henri Victor Regnault was engaged on 
his classic investigations into the properties 
of gases and vapours. These investigations— 
completed at the expense of the French 


winding engine illustrated here from an engra 

Institution of Mechanical Engineers ’’ (1853, Plate 32) represents a steam engine 
erected by W. Fairbairn and Sons for winding coal 
600 or nearly 700 yards in depth ”’ 





ving in the ‘‘ Proceedings of the 
from a shaft ‘‘ upwards of 


Stokes (afterwards Sir George) had discovered 
and explored “‘ the great range of the invisible 
ultra-violet spectrum, having found that 
quartz prisms could be used for its examina- 
tion.” Stokes had already noticed the blue 
shimmer exhibited by quinine in strong 
illumination, this emission of light being 
called by him “ fluorescence” from its occur- 
rence in fluor-spar. 

Rankine’s well-known paper ‘On the 
General Law of the Transformation of 
Energy ” appeared in 1853 and was followed 
during the next year by the treatise (Clausius) 
“ Ueber eine verainderte Form des zweiten 
Hauptsatzes der mechanischen Warme- 
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theorie ” (On an Alternative Formulation of 
the Second Law of Thermodynamics). It may 
be noted that Clausius did not use the expres- 
sion “Entropie”’ until 1865. Concurrently with 
the memorable technological activity which 
marks the middle of the nineteenth century, 
it is not surprising that there should have been 
inaugurated (October 15, 1855) the Federal 
Institute of Technology, Ziirich, among the 
first professors to be elected being Franz 
Reuleaux, Gustav Anton Zeuner and Rudolf 
Julius Emanuel Clausius. Reuleaux com- 
menced his lectures at Ziirich during the 
autumn of 1856. Ten years after the founding 
of the Federal Institute of Technology at 
Ziirich there was inaugurated (1865) the 
Massachusetts Institute of Technology, the 
initial establishment being accommodated in 
rented rooms and consisting of fifteen 
students and six professors. The Ecole 
Centrale des Arts et Manufactures, Paris, 
had been founded in 1829 and the Ecole 
Polytechnique in 1794. 

Steam Engines.—In a letter addressed to 
Matthew Boulton on October 3, 1782, James 
Watt remarks: “‘ Excepting what can be 
done in improving the mechanics of the 
engine, nothing much better than we have 
already done will be allowed by Nature, 
who has fixed a ne plus ultra in most things.” 

Fortunately, Nature places no veto on the 
exercise of the imagination and it was not 
very long before the steam engine, as known 
by Watt, had been changed more or less out 
of recognition. As early as 1802 Boulton 
and Watt were showing an almost nervous 
degree of interest in what was transpiring 
at the Leeds factory of Fenton, Murray and 
Wood, where Matthew Murray had made 
some radical changes in what can be called 
the anatomy of the Watt engine. To this 
most able man is usually awarded the credit 
of giving to the stationary steam engine its 
familiar self-contained form as assembled 
upon an entablature or bed-plate. “‘ The 
parts so combined” writes Murray in his 
patent specification of 1802 “form a perfect 
engine, without requiring any fixture of wood 
or any other kind of framing than the ground 
it stands upon, and is transferable without 
being taken in pieces.” Just twenty-five 
years after Murray, Jacob Perkins laid down 
the essential features of what became known, 
many years later, as the “ Uniflow ” engine, 
in which the steam is admitted at each end 
of the cylinder and exhausted at the centre 
through ports uncovered by the movement 
of the piston. In 1849, George Henry 
Corliss, of Greenwich, N.Y., who had 
received no training as an engineer and, like 
N. A. Otto, was, until the age of about 
thirty, in business as a storekeeper and 
merchant, patented the salient features of 
the engine very soon to be known by his 
name. The Corliss engine was coming into 
use for stationary installations at the time 
of the appearance, in 1856, of THE ENGINEER, 
and it is a coincidence that the special factory 
set up at Providence R.I. for the manufacture 
of Corliss engines should have been inaugu- 
rated during the same year. This type of 
engine was to continue in service, along with 
other designs, until all large, slow-speed 
reciprocating steam engines were rendered 
obsolete by the onset of the steam turbine. 
It does not detract from the applause due to 
G. H. Corliss and to F. E. Sickels (who had 
anticipated him with the “‘ dashpot ” cut-off 
gear) if it be pointed out that the first example 
of the dashpot arrangement as used in con- 
nection with the valves of steam engines 
was introduced by James Watt and his 
collaborators. The Corliss engine was the 
first in which separate cylindrical rocking 
valves for steam and exhaust were fitted at 
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each end of the cylinder and the governor 
connected to a drop cut-off valve motion. 

Shortly before the first appearance of THE 
ENGINEER, William Fairbairn built a steam 
winding engine of which it is appropriate 
that notice be taken. Installed at a colliery 
near Manchester, this engine (direct con- 
nected to a superimposed drum shaft) was 
of the vertical single-cylinder, double-acting 
design, 60in bore, 96in stroke. The steam 
valves were all of the double-beat equi- 
librium type operated by eccentric gear, and 
Fairbairn describes the winding engine as 
“the largest that had ever been erected.” 
The power was from 400 to 450 h.p. and 
we read that the rope speed (flat wire ropes 
on double drums) was 2000ft per minute. 
The general design followed that previously 
used in engines built by Fairbairn for Her 
Majesty’s frigates “‘ Vulture,” “‘ Odin” and 
“Dragon.” Following the types which 
have been mentioned came the Sulzer poppet- 
valve engine which, designed at the outset 
by Charles Brown, resembled the Fairbairn 
engine rather than the Corliss engine, notably 
in the use of the double-beat equilibrium 
steam valves, which, in their turn, had been 
taken from the Cornish pumping engine. 
The first Sulzer horizontal poppet-valve 
engine was exhibited at Paris in 1867 and 
this type was to dominate, for many years, 
large stationary steam engine practice on the 
continent of Europe. 

The literature on the steam engine has 
long become so oceanic in volume that it is 
not proposed to deal further with this prime 
mover. Sufficient has been written to show 
how, by the year 1856, not only had solid 
foundations been laid for the accomplish- 
ments of the next half-century, but some of 


the prototypes were already in operation. 
It would be an injustice, however, if mention 
were not made of Isaac Babbitt, a New 
England goldsmith, who, during 1839, intro- 
duced the white-metal alloy which has since 


been called after him. It is indeed a great 
and well-deserved tribute to his memory 
and his prescience that more than a century 
later the metal used for lining the bearings 
of all manner of prime movers is still sub- 
stantially Babbitt, a metal which was in use 
seventeen years prior to the appearance, in 
1856, of the first issue of THE ENGINEER. 
While patents covering ball and roller bear- 
ings and their applications became numerous 
round about the year 1856, the student of 
technology will find references to ball and 
roller bearings in the note-books of Leonardo 
da Vinci and in the works of sixteenth century 
compilers such as Ramelli. No so well 
known as it should be is the fact that it was 
Leonardo da Vinci who made the first 
detailed study of the friction of bodies in 
contact. 

Railway Engineering.—In 1856 the railway 
industry had recovered from the shock of the 
so-called “‘ mania ” associated with the name 
of Mr. George Hudson, who, commencing 
his business life as a linen draper in York, 
became, about 1845, the “ Railway King.” 
The bubble burst in and around 1848, when 
the “Railway King” lost not only his 
throne but his reputation. During the time 
Hudson was operating as an almost legendary 
promoter, there were at work a number of 
truly eminent railway engineers of whom 
we will here mention only two: Robert 
Stephenson and John Ramsbottom. Robert 
Stephenson—president in 1856 of the Institu- 
tion of Civil Engineers—was approaching the 
end of his illustrious career and was soon to 
find a last resting place in Westminster 
Abbey. John Ramsbottom was working as 
district locomotive superintendent of the 
north-eastern division of the London and 


North Western Railway. On August 1, 1857, 
he became locomotive superintendent of 
the northern division of the same railway, 
having, in the course of 1856, introduced the 
duplex safety valves which were to become 
so widely used during the ensuing century. 
Two years earlier he had published particu- 
lars of the piston and piston rings by which, 
perhaps, he is best remembered. Interesting, 
indeed, are some remarks which Ramsbottom 
made during a discussion on a paper read by 
him (May 3, 1854) before the Institution of 
Mechanical Engineers. “A set of rings,”’ he 
said, “ will run from 3000 to 4000 miles and 
cost, when new, about 2s. 6d., so that in 
examining and cleaning a piston the renewal 
of the packing is of little more considera- 
tion, so far as cost is concerned, than if the 
piston were hemp-packed.” It is a great 
tribute to Ramsbottom that a hundred years 
after the introduction of his piston rings a 
noted research engineer should have declared 
that : “ The piston rings in use to-day are 
not very different in their form from those 
adopted more than one hundred years ago 
in the early designs of steam engines and 
compressors, and later taken over in petrol 
and diesel engines. Innumerable variants 
have been invented, tried out and put to 
practical use, but in the end the original 
simple form has been reverted to. This is 
an impressive tribute to the insight and 
ability of the pioneers of mechanical 
engineering.” 

Five years after the introduction of the 
duplex safety valves Ramsbottom laid down 
the first of the now familiar water troughs, 
enabling locomotives to pick up water when 
running. A dramatic instance of their value 
was soon forthcoming when, early in 1862, 
an engine of Ramsbottom’s “ Problem” 
class, hauling a very important special train, 
ran non-stop from Holyhead to Stafford in 
145 minutes, another engine taking the train 
on to Euston, non-stop from Stafford. The 
distance between Holyhead and Euston was 
covered in 300 minutes with one stop. It 
illustrates the rapidity with which fast 
railway communications were established 
when we remember that as early as Novem- 
ber 23, 1830, the four-wheeled locomotive 
** Planet,” built by George and Robert 
Stephenson for the Liverpool and Man- 
chester Railway, hauled a special train from 
Manchester to Liverpool in sixty minutes, 
including a stop of two minutes to take 
water. This was a century and a quarter 
ago, and we may well salute the performances 
of the lightweight mechanised velocipedes 
which were hauling express passenger trains 
down to a period within living memory. 
Two years after the “ Planet ” made this fast 
run, W. T. James, of New York, fitted link 
motion valve gear to a four-wheeled loco- 
motive. William Howe, of Clay Cross, 
working independently of W. T. James, 
devised the gear which, never patented, 
became known as the Stephenson link 
motion, first fitted to a locomotive during 
1842. Thesingle-eccentric valve gear designed 
by Egide Walschaerts was introduced during 
1844. 

When recalling the comparatively high 
speeds attained by steam-hauled railway 
trains a century ago, we are apt to inquire as 
to the equipment then available for braking. 
We find this information in a paper “ On the 
Retardation and Stoppage of Railway 
Trains,” read (1855) by William Fairbairn 
before the Institution of Mechanical Engi- 
neers. Very crude are these “ breaks,” as 
Fairbairn calls them, though we read else- 
where of a scheme for a pneumatic brake 
proposed in the United States during 1835. 
Suggestions in this direction were also made 


in England (1844) by James Nasmyth. Not 
until 1869 was the Westinghouse air brake 
brought into use in the United States. 

At the time of the first appearance of Ty: 
ENGINEER railways had become established 
all over the world. We may note, fo; 
example, that the first line in Germany 
(Niirnberg-Fuerth) was opened in 1835. The 
first international railway was that crossing 
the Swiss frontier on the line from Strasbour, 
to Basel, opened during 1845, Basel having 
indeed remained, until the present day, the 
international railway station par excellence. 
In 1847 came the first all-Swiss railway 
between Ziirich and Baden, while seven years 
later (on September 13, 1854) there was 
opened for traffic the first railway in Australia, 

Shipbuilding and Marine Engineering — 
While the first compound marine engines had 
been built and installed on board ship 
shortly prior to the appearance of Tur 
ENGINEER, the activity of John Elder and 
other pioneers was having a very great effect 
in and around 1856, when the so-called 
“steam hammer” engine, with vertical 
(inverted) cylinders and crankshaft direct- 
connected to the propeller shaft had com- 
menced to render the side-lever and other 
types obsolete. As an illustration of the 
advanced ideas which were being presented 
to the marine engineering industry during 
1856, it can be mentioned that at the Glasgow 
meeting of the Institution of Mechanical 
Engineers held on September 17th of that 
year, James Prescott Joule submitted a paper 
“* On A Surface Condenser,” which describes, 
among other things, arrangements proposed 
by Professor William Thomson (afterwards 
Lord Kelvin) for using, instead of the so- 
called “‘ air-pump,” a condensate water pump 
and a separate air extracting pump. 

The courage and imagination which illu- 
mines the shipbuilding and marine engineer- 
ing history of the middle of the nineteenth 
century is powerfully confirmed by the 
** Great Eastern,”’ which, at the time of the 
first appearance of THE ENGINEER had not 
yet been launched. The hull was designed, 
moreover, long before the days of ship model 
research and sixteen years were to pass before 
William Froude built the first experimental 
tank. We may remember that the “ Great 
Eastern,” with a displacement exceeding 
27,000 tons, was steered by hand until, during 
1867, the vessel was fitted with a steam steer- 
ing engine designed by John Macfarlane 
Gray. Steam steering gear had been de- 
scribed earlier in a patent which, applied for 
in 1849, was not granted until 1860. The 
inventor was F. E. Sickels and the first steam 
steering engine appears to have been fitted 
during 1858 on the coasting steamer 
** Augusta.” Sickels failed in his efforts to 
interest shipbuilders and owners and was 
obliged to abandon the project. The out- 
standing success of the steam steering engine 
designed by Macfarlane Gray for the “* Great 
Eastern” was followed by the general 
adoption of steam engine drive, not only for 
the steering gear but for other auxiliary 
machinery. 

Though Hall’s surface condenser had been 
patented in 1834 it did not come into general 
use for many years and at the time of the 
appearance of THE ENGINEER jet condensa- 
tion was normal practice at sea. In 1856 the 
average working steam pressure for marine 
engines was about 25 Ib per square inch and 
since steel made by the Siemens open-hearth 
process was not available before the eighteen- 
sixties, marine boilers were, until then, 
constructed of wrought iron. In 1856 marine 
boilers were, moreover, almost invariably of 
the so-called rectangular type, though cylin- 
drical boilers had long been in use on land. 
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Trevithick’s Cornish boiler, for example, 
appeared in or about 1806 and the Lancashire 
poiler—patented by Fairbairn and Hethering- 
ton—in 1844. Not until around 1860 did 
the rectangular type boiler give way, in 
mercantile marine installations, to the cylin- 
drical type. In the Royal Navy the rectangular 
poiler continued in use until the early 
eighteen-seventies. 

While ordnance stands rather outside the 
scope of the above heading, mention should 
be made of the fact that during 1855 William 
George Armstrong (afterwards Lord Arm- 
strong) introduced his first rifled breech- 
loading gun. So conspicuous were the 
advantages of guns built in accordance with 

rinciples enunciated by Lord Armstrong, 
that he may be said to have effected a 
revolution in the manufacture of ordnance, 
Armstrong guns being adopted by the 
British Government in 1859. William George 
Armstrong commenced his professional life 
as a solicitor and had been in active practice 
for fourteen years when, during 1847, he 
undertook the manufacture, at Elswick, of 
hydraulic machinery built in accordance with 
his own patents. 

Iron and Steel_—More than half-a-century 
before the appearance of THE ENGINEER 
there had died—in poverty—Henry Cort 
(1740-1800), who patented his “ grooved 
rolls” in 1783 and his “* puddling ” process 
in 1784. Cort (a Lancashire man) had 
commenced his business life as a naval agent 
in the Strand, London, and his inventions 
were destined to prove of immense impor- 
tance in the history of the British iron trade. 
Mention has already been made of the fact 
that in 1856 there was no such thing as 
Siemens-Martin steel. Indeed, it was not 
until August, 1856, that the Bessemer process 
of refining iron was made public in a paper 
read before the Cheltenham meeting of the 
British Association. Henry Bessemer was 
then in his forty-third year and Sydney 
Gilchrist Thomas—who was to follow with 
the process known by his name—a boy of 
five. Steel made by the Siemens open-hearth 
process began to appear during the eighteen- 
sixties. 

Prominent in the early days of the steel 
industry was an American mechanical 
engineer named John Fritz, who, in the 
course of the year 1856, had succeeded, 
“against hide-bound opposition,” in intro- 
ducing the three-high rolling mill at the 
Cambria Iron Works, Johnstown, Pa, the 
first rail being rolled on July 29, 1857. In 
his autobiography Fritz has referred to the 
impression made on him by the astonishing 
performance of a steel rail laid on the Midland 
Railway in 1857 “* at a place where iron rails 
lasted only about three months.” Elsewhere 
he recognises, with characteristic generosity, 
the contributions made by other pioneers. 
“We must not forget,” he writes, “ that it 
was the inventions of Cort, of Mushet, of 
Bessemer, of Siemens and of Thomas that 
enabled us to accomplish such important 
results, and to them all civilised nations owe 
a debt of gratitude for the incomparable 
blessings their inventions have conferred on 
society.” It is only a great man who goes 
out of his way to praise the work of others 
in a field wherein he himself has become 
distinguished. Such a man was John Fritz, 
whose autobiography contains the following 
words: “It should not be forgotten that 
England is the home of the manufacture of 
iron and steel, and the birthplace of the 
Iron and Steel Institute, and much of our 
success is due to the information we gained 
from the invaluable papers read at their 
meetings, and the discussions that followed 
them.” We are refreshed and encouraged 
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when we read of John Fritz that from his 
earliest days and in the face of much criticism, 
he aimed at producing machinery “ incapable 
of breakdown.” It is also on record that 
from 1854 until 1860, “‘ he toiled without 
vacation.” His work and vision were 
among the factors which contributed to the 
amazing development of the steel industry 
of the United States, a development which 
rendered possible the production, in 1953, of 
111-6 million tons of ingots and steel for 
castings. 

The Internal Combustion Engine.—A 
century ago the internal combustion engine 
was already well-known and had been 
demonstrated as practicable for road traction 
and navigational purposes as well as for 
pumping, &c. Even the gas turbine had been 
described (1791) in a British patent specifica- 








The Hugon gas engine. 
to appear in ‘‘ The 
as a competitor of the Lenoir engine.”’ 


tion of singular prescience. A piston engine 
for burning “ spirits of tar or turpentine ” 
is mentioned in a British patent of 1794 and 
between this date and the first appearance 
of THE ENGINEER, we find, among other 
internal combustion engine inventors, Lebon 
d’Humbersin, Rivaz, Cecil, Oxley, Brown, 


Barnett, Fox Talbot, Johnston, Drake, 
Reynolds, Reithmann, Barsanti and 
Matteucci. These are the names of some of 


the inventors who worked on the internal 
combustion engine in the years prior to 1856. 
They are referred to here so that it may be 
borne in mind how, even a century ago, 
there was an impressive history of internal 
combustion engine development. While it 
is true that this development did not emerge 
from what was virtually an experimental 
stage until about 1860, a great amount of 
valuable preparatory work had been accom- 
plished by the year 1850, when Ferdinand 
Redtenbacher wrote his oft-quoted letter 
to Gustav Anton Zeuner: “ Das Grund- 


This appears to be the first illustration of a gas engine 
Engineer.”’ It is reported as ‘‘ being introduced into this country 
From our issue of March 8, 1867 
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prinzip der Dampfbildung und Dampf- 
benutzung sei falsch .. . in hoffentlich nicht 
zu langer Zeit werden die Dampfmaschinen 
verschwinden wenn man nur erst iiber das 
Wesen und die Wirkungen der Warme ins 
klare gekommen ist.” (‘‘ The fundamental 
principle of the generation and use of steam 
is wrong...it is to be hoped that steam 
engines will disappear in a not distant future, 
as soon as we really understand the nature 
and action of heat.”) The fact that steam 
engines are still going strong more than a 
century later does not detract from the 
prescience of the words quoted, but we may 
need to be reminded that suggestions for 
a prime mover using heat in a form other 
than steam had been made by Wood in 
1759, by Barber in 1791 and by Street in 
1794. Moreover, the hot-air engine with 
regenerator had been 
" described and 
z patented by Stirling 

in 1816. 
| In 1856 Nikolaus 
August Otto was 
working as a com- 
mercial traveller for 
a tea and coffee mer- 
chant in Cologne and 
some years were to 
pass before he 
became interested in 
the active develop- 
ment of the gas 
engine. In 1856 the 
patent for the Lenoir 
gas engine had not 
yet been granted, nor 
had Beau de Rochas 
applied for French 
patent No. 52,593. 
Eighteen months 
before the first 
appearance of THE 
ENGINEER, Eugéne 
Barsanti and Felix 
Matteucci had, how- 
ever, applied for their 
patent No. 1072, 








a 6: relating to a_ free- 


piston atmospheric 
gas engine, a type of 
prime mover which 
made no commercial 
progress until about 
1867, when Langen 
and Otto improved 
the mechanical 
details, particularly 
by introducing the 
free-wheeling clutch 
devised by Langen 
and the method of governing proposed by 
Otto. Rudolf Diesel was not born until 1858 
and while James Young, a Glasgow chemist, 
had patented (in 1850) a process covering 
the production of crude oil from coal, it was 
not until 1859 that Edwin Laurentine Drake 
—who had commenced life as a railway 
guard—drilled the first petroleum well in 
the United States, an event followed by the 
development of the great Appalachian oil- 
fields. The fact that at the time of the appear- 
ance of THE ENGINEER there was neither a 
petroleum industry nor petroleum engines 
places the oil engine beyond the ambit of 
the present article. It is appropriate to 
mention, however, the names of George 
Bailey Brayton, William Dent Priestman and 
Hugo Junkers who, all three alive in 1856, 
were to become pioneers of the petroleum 
engine twenty to thirty years or more later. 
Gas Engineering.—The gas industry was in 
an advanced state technically and commer- 
cially at the time of the first appearance of 
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THE ENGINEER. Sixty-four years had passed 
since William Murdock laid the foundation 
of the industry by using coal gas for lighting 
the workroom in his house. During 1808, 
Murdock read the paper before the Royal 
Society (Phil. Trans. XCVIII, 124) which 
contains the earliest practical essay on the 
subject of gas lighting. It brought him the 
award of the Rumford gold medal bearing 
the inscription ex fumo dare lucem. In 
1812 came the foundation—by Frederick 
Albert Winsor—of the Gas Light and Coke 
Company, whose first “‘ gas engineer” was 
Samuel Clegg. We read how Clegg designed 
the gas making plant for the illumination, 
in 1812, of Ackermann’s shop in the Strand 
and it affords a further instance of the wrong 
guesses which can be made by scientists and 
philosophers when it is recalled how, early 
in the nineteenth century, Sir Humphrey Davy 
ridiculed the idea of lighting London by gas. 
It is not too much to say that had Murdock 
chanced to apply his singular mechanical 
ingenuity to the use of coal gas as a means 
for obtaining power in the piston engine, 
the history of both the steam engine and the 
internal combustion engine might have been 
changed. As it happened, the French engi- 
neer Philippe Lebon d’Humbersin, founder 
of the gas industry in France, received grant 
in 1801 of a patent relating to a gas engine. 
Lebon d’Humbersin had experimented with 
the distillation of gas from wood as well 
as from coal, there being a record of his 
having lit his house in Paris with gas distilled 
from wood. There would doubtless have 
been a much more rapid development of 
the gas industry in France had not Lebon 
d’Humbersin been murdered, under myster- 
ious circumstances, close to what is now the 
Champs-Elysées. 

Electricity—It seems rather strange that 
in and around 1856 there should have been 
little appreciation of the potentialities of 
electrical engineering science. In 1861 
Edward Cresy (The Encyclopaedia of Civil 
Engineering), though his book runs to 1752 
pages, does not mention the word “electricity” 
nor is “ magnetism ” referred to. Professor 
Rankine, in the preface to the first edition 
of his well-known treatise on The Steam 
Engine (1859) writes that: ‘*‘ The fourth 
part (of the treatise) explains the principals 
of the action of electro-magnetic engines ; 
but very briefly, in consideration of their 
small importance as prime movers, and 
absence of economy; the true practical 
use of electro-magnetism being, not to drive 
machinery, but to make signals ; and the 
subject of telegraphy being foreign to the 
purpose of this work.” 

The facts are that a century and a half 
before Rankine wrote his preface Hauksbee 
had constructed his spark machine. In 
1809, at the Royal Institution, Sir Humphrey 
Davy had produced what he called an arc 
discharge. He used a battery of 2000 cells 
and the demonstration has been regarded 
as marking the beginning of electric illumina- 
tion. Eleven years later Hans Christian 
Oersted, professor of physics in the Univer- 
sity of Copenhagen, announced his discovery 
that when a wire joining the end plates of 
a voltaic pile is held near a pivoted magnet 
or compass needle, the latter is deflected. 
This announcement—made in July 1820— 
was followed, in October of the same year, 
by the publication of the famous Mémoire 
in which André-Marie Ampére showed, 
among other things, that magnetic effects 
can be produced, without magnets, by aid 
of electricity alone. Eleven months after 
Ampére communicated his Mémoire to the 
French Academy of Science, Michael Faraday 
succeeded in discovering the method of 
producing the continuous rotation of a con- 


ducting wire round a magnet and of a magnet 
round a conducting wire. This led him, 
as Sir William Bragg has remarked, to 
apprehend a fundamental relationship be- 
tween electricity and magnetism. Almost 
exactly ten years later (during August 1831) 
Faraday obtained the first evidence that an 
electric current can induce another in a 
different circuit. This led him to the momen- 
tous discovery of the induction of electric 
currents and it was during the same year that 
he produced and demonstrated the earliest 
unipolar dynamo. During 1832 William 


Sturgeon had constructed an electro-magnetic 
motor regarded by Joule as being the first 
contrivance by means of which any con- 
siderable force was developed by the electric 


The modern dynamo was invented in 1867. But this 


seems to be the first illustration to appear in ‘‘ The 

Engineer.” It was published on November 8, 1878, 

and shows a Gramme electro-magnetic machine 
exhibited at Paris 


current. In 185l1—after an unsuccessful 
attempt during the previous year—the first 
submarine cable was laid from Dover to 
Calais. A most important year was 1867, 
when Werner Siemens, Wheatstone and 
Varley, working independently, arrived at 
the principle of the modern dynamo. In 
1878-1879 the incandescent electric lamps of 
Swan and of Edison passed from the research 
to the production stage and not long after- 
wards—in 1881—the names for the principal 
electric units were proposed and adopted 
at the first International Congress of Electri- 
cians, held during that year (Paris). 

While it can be shown that electrical 
engineering did not emerge from the phase 
of experiment and research until the last 
quarter of the nineteenth century, the amount 
of work which had already been accomplished 
should have caused scientists of the calibre 
of Rankine to avoid dogmatic assertions. 
Long previously, William Gilbert, writing 
not later than the year 1600 (De Magnete) 
had remarked that: “In the discovery 
of secrets and in the investigation of the 
hidden causes of things, clear proofs are 
afforded by trustworthy experiments rather 
than by probable guesses and opinions 
of ordinary professors and philosophers.” 

We should note how within a century 
from the time Rankine dismissed electro- 
magnetism as purely a means for making 
signals, the production of electric energy 
by plants (public and industrial) in the 
United States alone would, in one year, 
reach the stupendous total of 510 billion kW- 
hours. 

Automobile Engineering. —While the auto- 
mobile as we know it to-day may be said to 
have originated in the last decade of the nine- 
teenth century, we dare not overlook the 
earlier work of such as Nicolas-Joseph 
Cugnot, William Murdock, Richard Trevi- 
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thick, Rivaz, Samuel Brown and Walter 
Hancock. As long ago as 1769, Cugnot’s 
single-wheeled steam tractor articulated to 
a trailing two-wheeled carriage overturned 
while rounding a street corner in Paris near 
where now stands the Madeleine. In 1786 
Murdock was experimenting with his mode] 
steam road carriage, in which activity he not 
only scared the people of Redruth but 
incurred the sharp displeasure of James Watt, 
who complained to Boulton that time and 
money were being wasted. On Christmas 
Eve, 1801, Richard Trevithick caused 
a sensation at Camborne by taking his 
“‘ Travelling Engine ” on to the road for the 
first time. In 1807 Rivaz used a hydrogen 
gas engine to drive a vehicle. During May, 
1824, a four-wheeled carriage propelled by 
one of Samuel Brown’s gas engines was 
tested on the steepest part of Shooters Hill, 
Kent. Rather less than nine years later, 
Walter Hancock, of Stratford, commenced 
running a steam-driven omnibus in London, 
and while by no means the first to demonstrate 
a self-propelled road vehicle, Hancock has 
been regarded as the pioneer, in a practical 
sense, of mechanical road traction. The 
road speeds of Hancock’s steam omnibus 
are reported to have ranged up to 16 to 20 
m.p.h. Not to be forgotten is the patent 
specification (1818) of Georg Lenkensperger, 
describing the pivoted stub axle with articu- 
lated control rod connecting the two axles. 
This was followed—in 1825—by the endless 
chains for mounting on wagon wheels, 
which, proposed by Sir George Cayley, 
anticipate features of the tracked or “ cater- 
pillar’ vehicle introduced about seventy- 
five years later. 

The above particulars are set forth so that 
it may not be forgotten how, a century ago, 
there was already a history of mechanised 
road vehicles which reflects the imagination 
and industry of the pioneers. Many years were 
to elapse before Panhard and Levassor pro- 
duced, during 1891, the first automobile in 
which, along with a vertical engine mounted 
in the front part of the chassis with its crank 
axis running fore and aft, there are to be 
found the clutch, sliding gear transmission, 
differential, and other items making up the 
prototype of the modern automobile. 

Mass Production.—Not so well known as it 
should be is the fact that the system of manu- 
facturing which we call ‘* mass production ” 
had been well established prior to 1856. 
Among the names in the list on page 154 
will be noticed that of Elisha King Root, 
who was in his forty-eighth year when THE 
ENGINEER made its first appearance. It was 
Root who, during 1849-1854, brought into 
operation at the Colt Armory, Hartford, 
Conn., a system whereby the accurate quan- 
tity production of a complicated article was 
achieved not by skilled hand labour, but by 
automatic (and semi-automatic) machines, 
jigs, fixtures and gauges. Writing of this 
factory at Hartford, J. W. Roe remarks that 
“* Colt’s revolver has practically disappeared, 
but the way Root made it has spread every- 
where.” We read that Root—a farmer’s 
son—received a common school education 
and served an apprenticeship as a machinist. 
He ultimately succeeded Samuel Colt as 
president of the Colt Armory and died in 
1865. Even before the time of E. K. Root 
and as early as 1798 the process of mass pro- 
duction had been sketched by Eli Whitney, 
who, in manufacturing firearms, urged that 
the same parts of different guns be made “ as 
much like each other as the successive im- 
pressions of a copperplate engraving.” A 
near contemporary of Whitney was Simeon 
North, who, in a contract dated April 16, 
1813, for the supply to the United States 
Government of 20,000 pistols, specified that 

















“The component parts of pistols are to 
correspond so exactly that any limb or part 
of one pistol may be fitted to any other pistol 
of the twenty thousand.” Mention should 
also be made of John and Walter Taylor, 
who, during the second half of the eighteenth 
century, revolutionised in their factory at 
Southampton the manufacture of ships’ 
blocks. While these early adumbrations 
are to be noted, it was Elisha King Root who, 
more than a century ago, produced the tools 
and planned the procedure which established 
the system of mass production. Massive 
confirmation of the technical and economic 
significance of his work is found in the 
industrial history of the past century, nor 
can we Omit to mention the part played by 
Samuel Colt—a man from Hartford, Conn.— 
who, in engaging Root as superintendent of 
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the Armory, was instrumental in setting in 
motion a revolutionary technique. Colt died 
in 1862. 

The student of industrial conditions during 
the first half of the nineteenth century will be 
impressed by the extent to which mankind 
is indebted to the intuition and tenacity of 
such men as Elisha King Root and others 
who, working on similar lines, are enumerated 
in the list on page 154. Among them is 
Joseph Whitworth, president, during 1856, 
of the Institution of Mechanical Engineers. 
If we read his presidential address (Glasgow, 
September 17, 1856) we cannot but note how 
deeply conscious he was of the need for 
increasing individual productivity by 
accelerating the transfer of power from man 
to machine. In the course of his address he 
instanced how “ in spinning fine numbers of 
yarn a workman on a self-acting mule will 
do the work of 3000 hand spinners with the 
distaff and spindle.” It is clear, moreover, 
that Joseph Whitworth was much impressed 
by the importance of rationalisation. Here 
are his words uttered in 1856 :—‘‘ No esti- 
mate can be formed of our national loss from 
the over-multiplication of sizes. Take, for 
instance, the various sizes of steam engines— 
Stationary, marine and locomotive. In the 
case of marine engines the number of sizes 
up to 100 h.p. will probably not be short of 
thirty, where ten perhaps would be ample. 
If so, look at the sums expended in patterns, 
designs, and in the number of tools for their 
manufacture.” 

The above words have a lesson for us to-day 
which we can only neglect at our peril and 
we may note that while Whitworth deplored 
unnecessary multiplication of sizes and 
designs, he went on to press not only the 
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practicability of, but the necessity for, 
extreme accuracy in manufacture: “ We 
find in practice in the workshop that it is 
easier to work to the ten-thousandth of an 
inch from standards of end measure, than to 
the one-hundredth of an inch from the lines 
on a two-foot rule. In all cases of fitting, 
end measures of length should be used 
instead of lines.” 

Whitworth had previously read a paper 
(British Association, Glasgow meeting, 1840) 
on the method of producing a true plane and 
he returned to this subject in the presidential 
address to the Institution of Mechanical 
Engineers : ‘I cannot impress too strongly 
on the members of the Institution, and upon 
all in any way connected with mechanism, 
the vast importance of possessing a true 
plane, as a standard for reference. All 
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breech-loading gun was illustrated in our issue of February 3, 1871. The main 


excellence in workmanship depends upon 
it.” 

At the time of the appearance of THE 
ENGINEER in 1856, the Whitworth system of 
standardised screw threads was coming into 
general use. As is well known, Whitworth 
collected an extensive assortment of screwed 
bolts from different British workshops, 
deducing as a compromise an average pitch 
of threads for different diameters and also a 
mean angle of 55 deg. which angle he adopted 
all through the scale of sizes. Not so well- 
known is the fact that—as he himself con- 
fessed—it was “his first ambition to be a 
good workman and he often in later years 
said that the happiest day he ever had was 
when he first earned journeyman’s wages.” 

Aviation.—While the history of flight by 
heavier than air machines can be said to 
have commenced in 1903 at Kitty Hawk, 
North Carolina, it should not be forgotten 
that as long ago as January, 1785, the Channel 
was crossed by a balloon, the aeronauts 
being John Jeffries and Jean-Pierre Blanchard. 
In 1842 William Samuel Henson received 
grant of the remarkable patent in which he 
describes and illustrates a high-winged mono- 
plane, the engine being inside the fuselage. 
It has been pointed out that the method of 
bracing shown in Henson’s patent specifica- 
tion provides what became known, long 
afterwards, as “flying” and “landing” 
wires and the inventor explains that these 
wires were to be of an oval section, so as to 
offer as little resistance as possible in passing 
through the air. In 1848 a model of this 
machine—constructed in England by William 
Henson and John Stringfellow—made a 
successful indoor flight in a disused lace 
factory at Chard. This was the first “‘ prac- 
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tically powered airplane model which was 
capable of approaching continuous and 
directed flight.” The design was that of a 
“pusher” monoplane with horizontally- 
mounted steam engine driving two air screws. 

Nevertheless, about fifty years were 
to pass from the date of the first issue 
of THE ENGINEER before it came to be 
recognised—by those regarded as authorities 
—that aircraft of any kind were likely to 
prove useful. 

Conclusion.—Consideration of the brief 
particulars which have been given of the 
state of the art and science in 1856 will 
suggest the influence which one activity has 
upon another and different activity. This 
has been true, more or less, throughout the 
entire history of technological progress. It 
is to be noted, for example, that the invention 
of the spinning frame by Richard Arkwright 
was separated by only six months from the 
invention, by James Watt, of the separate 
condenser. These two inventions thus syn- 
chronised, were to prove of more momentous 
significance, industrially and socially, than 
any others which appeared during the 
eighteenth century. There is a tendency to 
suppose that the qualities of the scientist and 
of the mechanic coalesce to form the inventor. 
It is not true, since while there may be 
scientists and mechanics lacking in imagina- 
tion, without imagination there can be no 
inventors. Richard Arkwright was an 
imaginative hair-dresser. James Watt was 
an imaginative maker of mathematical 
instruments. Well worth noting, in this 
context, are some words in which Sir Harry 
Ricardo (writing of the piston aero-engine) 
points out how the actual designer of every 
successful example of such an engine has 
been neither a great scientist, nor an 
expert mechanic, but an artist with an 
artist’s temperament and intuitive genius, 
though none the less ready to appreciate and 
accept all the aid that the scientist and the 
practical mechanic can give him, and com- 
petent to blend his and their conflicting 
demands into a perfect picture. Such men 
are rare and, in any one country, can be 
counted almost on the fingers of one hand.” 

What we are in honour bound to remember 
is the immeasurable influence upon world 
civilisation of the efforts and achievements of 
certain individuals who, more artists than 
scientists and endowed, usually, with great 
capacity for taking pains, have about them 
some trace of the supreme faculty spoken of 
by Shakespeare where he refers to that eye, 
which, 


“|, . Ina fine frenzy rolling, 
Doth glance from heaven to earth, 
from earth to heaven ; 
And, as imagination bodies forth 
The forms of things unknown, the poets pen 
Turns them to shapes.” 


We cannot know the identity of all those 
inventors whose intuitions and labours have 
left indelible traces on the apparatus of 
modern civilisation. Moreover, we are 
dealing here with a group of men of all 
nations who were active a century ago. We 
can best honour them by including their 
names with those others, known and un- 
known, of whom the illustrious Condorcet 
was thinking when he wrote the following 
memorable words : “In proportion as ex- 
cellent productions shall multiply, every 
successive generation of men will direct 
its attention to those which are most 
perfect, and the rest will insensibly fall 
into oblivion. But the more simple and 
palpable traits which were seized upon by 
those who first entered the field of invention, 
will not the less exist for posterity, though 
found only in the latest production.” 
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Part II—Basic Influences 


THERE are, of course, a number of activities pursued by engineers which cannot properly 
be said to have a peculiar relation to any specialised field although the results of their work 
may be more. applicable in one field than in another. Scientific discoveries, for example, 
are not only made by scientists. Research workers in the engineering field are often impelled 
to make them because the curiosity of the scientist has not revealed them. Again, the 
development of theory that follows upon scientific discovery is very naturally bound up with 
education. For it is of little use to develop a theory if an understanding of it is not imparted 
to the younger generation of engineers to ease their work and make their calculations more 
exact. Theories are no more specialised to particular fields than are scientific discoveries. 
They may find practical use over a wide range of engineering endeavours. Applied research, 
it is true, may be begun for a limited and specialised objective. But it so frequently leads 
to discoveries of much wider application that its influence upon advancement can be regarded 
as basic rather than particular. It may be less obvious that war and economics have a basic 
influence on engineering advancement. Yet they do. Onwards from prehistoric times the 
urge to develop new weapons has led to the making of new discoveries applicable for more 
peaceful purposes; and the influence of economics was only too well revealed in the 
depression of the “ thirties’ when research and development was checked by lack of the 
monetary means to pay for it and designers were driven to devise not the best machinery 

but the cheapest. In this Part these are the subjects discussed. 
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Education and Theory 


By A. J. S. PIPPARD, M.B.E., D.Sc., F.R.S.* 


IVIL engineering in its widest and original 
sense is essentially a practical profession 
and the contribution it makes to the well- 
being of the community is the test by which, 
at any moment in history, its practitioners 
will be judged. In the last resort, this con- 
tribution will be assessed by the magnitude 
and importance of the results achieved, 
whether they be buildings and bridges, 
works of water supply and drainage, engines 
or aircraft. It is perhaps not surprising, 
therefore, that many of the pioneers and their 
successors for several generations were apt 
to look with suspicion upon the minority 
who devoted themselves to the theoretical 
aspects of professional work ; even to-day 
this instinctive prejudice still survives in 
certain quarters. Nevertheless, it is due 
largely to the efforts of that minority in 
the past that the practical engineer has 
succeeded in gaining and, more important, 
maintaining the professional status which, 
quite rightly, he values so highly. The theory 
of to-day should be the practice of to-morrow 
and unless theoretical knowledge is ever in 
advance of current practical requirements 
the survival of the engineer as a professional 
man is in danger, and the constructor will 
become servant and not controller. The 
existence of a healthy profession, therefore, 
demands that a sufficient number of its 
members shall devote their energies to the 
science or theory of that profession. This 
in itself is, however, not sufficient ; unless 
the practitioners themselves are educated 
to understand and translate into reality the 
work of the scientist that work, however 
good it may be by academic standards, 
will be wasted as a contribution to engineering. 
It is therefore encouraging that problems 
of technological education and its develop- 
ment in Great Britain are now occupying 
the attention of so many individuals and 
learned bodies. The discoveries of pure 
science in the last few decades with their 
enormous potentialities for good or evil, 
present a direct challenge to the engineer 
which must be squarely met, for upon present 
decisions in regard to education may well 
hinge the future of engineering as a profes- 
sion. It is, therefore, opportune to review 
some of the developments of the last hundred 
years in their connection with theory and 
education. 

The birth of engineering as a profession 
dates from 1818, when the Institution of Civil 
Engineers was started in a modest way. 
The members, few in number, met in coffee 
houses for mutual discussion of common 
problems and the growth and even con- 
tinuance of the club, for such it was, must 
have appeared at times precarious. With the 
election of Thomas Telford to the presidency, 
however, a new vitality appeared, and in 
1828, only ten years after its birth, the 
Institution received a Royal Charter and 
the profession attained a_ respectability 
which had hitherto not been accorded 
to it. For some years the new Institution 
was the only society devoted to the interests 
of engineers and not until 1847 did the 
Institution of Mechanical Engineers come 
into existence. Nearly a quarter of a century 
more was to elapse before, in 1871, the third 
of to-day’s major Institutions began a 
separate existence as the Society of Telegraph 
Engineers. 





*Professor of Civil Engineering, Imperial College, University 
of London. 


It has already been suggested that no 
profession can flourish unless one of its 
prime cares is for the education of those who 
will, in due course, become the leaders and 
general practitioners, and by 1856, the year 
in which THE ENGINEER first appeared, this 
important fact had been, at any rate partially, 
realised and several schools for the instruc- 
tion of young men in the principles of pro- 
fessional work had been established, both in 
universities and in other centres of education. 

Engineering was indeed fortunate that 
at this early stage in its emergence it should 
have been so richly endowed with men who 
were willing and anxious to devote them- 
selves to educational work and to research 
into the numberless problems which were 
unfolding themselves with each new call upon 
the services of the new profession. The 
truth of Telford’s inspired statement in the 
Charter of 1818 was already becoming 
evident, and it was seen that the bounds of 
civil engineering were indeed to be unlimited. 
A few men of wide and clear vision realised 
also the truth of Telford’s fundamental 
corollary that the widening fields could only 
be conquered if professional activities were 
extended to the realm of research. 

In 1855 William John Macquorn Rankine, 
one of the greatest of engineering scientists, 
was appointed to the Chair of Civil Engin- 
eering in the University of Glasgow, and his 
influence upon all branches of applied science 
was to prove incalculable. One of the fathers 
of modern thermo-dynamics, his contribu- 
tions also spread to every branch of engi- 
neering known in his time and his record 
of scientific papers and books gives evidence 
of incredible energy and genius. In the 
year following, James Clerk Maxwell became 
professor of physics in King’s College, 
London, where he remained until 1860. 
In that year he retired, but some years 
later he was called to the new chair of ex- 
perimental physics at Cambridge. Within 
a few years these great pioneers were joined 
by others : Henry Charles Fleeming Jenkin, 
at University College, London in 1865, and 
later in Edinburgh from 1868; William 
Cawthorne Unwin at the Central Technical 
College, now the City and Guilds College, 
from 1884 until 1904; Sir James Alfred 
Ewing and his successor John Hopkinson 
at Cambridge, and Ayrton, Mather and Perry, 
also at the Central Technical College, all 
contributed liberally to the rapidly increasing 
store of engineering theory. 

Space does not permit even passing 
reference to many others who made their 
contributions in greater or less degree 
and we must pass to a _ consideration 
of some of the results of a century of 
progress in education and theory. This 
can, perhaps, best be done by concentrating 
attention upon specific examples of engineer- 
ing activity and the evolution of ideas 
relating to them through the years and so 
tracing the interaction between practice, 
theory and education. This interaction is 
complex and cannot easily be reduced to 
simple terms ; specific examples are helpful 
and the problems of dam design and the way 
in which they were solved will serve to 
illustrate this interplay. 

Apart from the intrinsic merit of this 
illustration for present purposes, it is pecu- 
liarly apt historically, for it was in 1853, 
three years before the birth of THE ENGINEER, 
that the French engineer Sazilly formulated 
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the first rules for the design of masonry dams. 
These rules were simple and related only to 
gravity type dams—other types were then 
unknown. Two possibilities of failure only 
were envisaged ; the first by one part of 
the structure sliding over the other on a 
horizontal plane ; the second by the develop- 
ment of excessive compressive stresses 
when the reservoir was full. The first of 
these was not considered to be of serious 
importance since no failure of the type had 
been recorded but it was good that the 
possibility, having occurred to the author 
of the rules, should be noticed. Control 
of compressive stress was thus, effectively, 
the only canon of design at the beginning 
of our period. A third criterion was, how- 
ever, sometimes imposed ; the dam must 
be safe against overturning about its toe 
under the pressure of the impounded water. 
These simple requirements were considered 
sufficient until 1870 when Rankine, still 
professor at Glasgow, was consulted about 
a dam to be constructed on the Periyar 
River in India. He took the opportunity 
thus offered to make a theoretical study 
of the general problem and his Report 
(Misc. Scient. Papers No. XXXIV “‘ Report 
on the Design and Construction of Masonry 
Dams”) sets out the essential conditions 
which he considered ought to be observed 
to avoid possibility of failure. Among these 
great emphasis was laid upon the necessity 
of avoiding tension anywhere in the structure, 
since mortar was incapable of withstanding 
such stress. This was a new idea, although 
it has been suggested that it originated rather 
earlier with another engineer. Whether or 
not this is true, it appears to have been ex- 
plicitly stated for the first time in Rankine’s 
Report and he is generally credited with the 
formulation of the “middle third rule.” 
This rule, devised as a design criterion, has 
been sometimes elevated to the status of a 
natural law; and used in circumstances which 
would assuredly not have met with the appro- 
val of its author ! 

The elimination of tensile stress was not, 
however, the only new idea in this classic 
Report. The French engineers, Graef and 
Delocre, had assumed that the intensity of 
the vertical component of compressive 
stress for the two extremes of reservoir 
empty and full should be the same at the heel 
and toe respectively of any section. This 
view was, correctly, rejected by Rankine 
who said: ‘“‘ The vertical pressure found 
by means of the ordinary formula is not 
the whole pressure, but only its vertical 
component, and the whole pressure exceeds 
the vertical pressure in a ratio which becomes 
the greater, the greater the batter. The outer 
face of the wall has a much greater batter 
than the inner face; therefore a lower 
limit must be taken for the intensity of the 
vertical pressure at the outer face than at 
the inner face.” For the same reason, as 
he pointed out, the vertical component of 
stress should diminish as the batter increases 
with the height of the dam. The allowable 
pressures suggested by Rankine were respec- 
tively 20,000 Ib per square foot and 15,625 lb 
per square foot at the back and front of the 
dam, equivalent to columns of masonry 
160ft and 125ft high respectively. The 
profile designed by Rankine was based on the 
use of logarithmic curves for both front 
and back of the structure; the result 
is almost complete elimination of tensile 
stress on horizontal sections, the first time 
that this had been achieved deliber- 
ately by the application of scientific principles 
to dam design. Rankine’s theory remained 
the last word for a long time but the subject 
was again brought into prominence in a way 
2 
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which has so often produced important 
developments in engineering theory : through 
the occurrence of a disaster demanding 
theoretical investigation. 

Such an incentive to renewed consideration 
of problems of dam design was the failure in 
1895 of the Bouzey dam near Epinal in 
France, which occasioned considerable dis- 
cussion in the technical press. Unwin, at the 
Central Technical College, made an investiga- 
tion of the design which indicated that the 
no-tension criterion laid down by Rankine 
had been seriously violated and the failure, in 
his opinion, was due to this. The large 
Vyrnwy dam was much in the minds of 
engineers at this time and, naturally enough, 
discussion arose as to whether it was ade- 
quately strong. Unwin took a prominent 
part in this discussion and in 1903 Professor 
Karl Pearson and L. W. Atcherley began a 
research at University College, London, into 
the stresses in masonry dams which resulted 
in a Memoir published in the following year 
that threw doubt upon the whole of the 
accepted theory of design. They argued that 
it was useless to avoid tensile stresses on 
horizontal sections of the dam if such stresses 
could occur on other planes, and proceeded 
to demonstrate by a very ingenious mathe- 
matical argument that tension could, and in 
fact did, occur on vertical sections in any 
profile of normal type. In their view the 
correct profile was much more like that 
adopted for Vyrnwy than one of the usual 
proportions. In Fig. 1 a Rankine profile is 
shown together with that of the Vyrnwy 
dam, and the difference is so great that it 
would have been surprising if the suggestion 
had passed without criticism. In fact, the 
Memoir gave rise to a long and often acri- 
monious discussion in the pages of the tech- 
nical press, with Unwin as the principal 
opponent of the revolutionary ideas advanced 
by Pearson and Atcherley. The course of 
this controversy was outlined by the present 
writer in the Unwin Memorial Lecture to the 
Institution of Civil Engineers in 1949 and need 
not be recapitulated here. Its main interest 
for our present purpose lies in the stimulus it 
provided to a number of engineers and others 
interested in the theory of engineering. 
Wilson and Gore, Ottley and Brightmore, 
A. F. C. Pollard and others all made con- 
tributions supported by experimental evidence 
obtained from models made of rubber or 
jelly, and the Proceedings of the Institution 
of Civil Engineers of that period contain 
much of fundamental value on this vexed 
question. 

It is appropriate at this point to draw 
attention to the role of the professional insti- 
tutions in the promotion of education and 
theory. As we have seen, theorists are neces- 
sary to the life of a profession such as engi- 
neering, and the body of practitioners who 
constitute the profession must be educated 
to take advantage of the new ideas which 
are evolved. It can be said with little fear 
of contradiction that the engineering scientist 
will always be willing and eager to continue 
his work whether it is used or not by his 
practising colleagues ; that is the way he is 
made and there is no serious risk of a cessa- 
tion of theoretical activity. But, and this 
cannot too often be repeated, it is only by 
the impact of such work on practice that the 
art of engineering will be benefited and the 
prestige of the profession enhanced. Uniess 
theory is applied the body corporate will 
become anzmic, and the problem is to ensure 
that the body shall receive the necessary 
blood transfusion of theory. If education 
were not progressive and continuous through- 
out professional life there would be no diffi- 
culty ; it would be sufficient to ensure that 


every engineer received his ration of theory 
in his youth ; thereafter he would be able 
to live on the nourishment thus stored. It 
is unfortunately true that some appear to 
exist on this principle, but it is an untenable 
proposition for the majority. Education 
cannot be allowed to cease with admission to 
corporate membership of a professional insti- 
tution ; indeed, if it did the function of such 
institutions would be reduced to those of 
mutual admiration and protection. Their 
main preoccupation should be, and generally 
is, to encourage the education of their 
students and graduates and also, by providing 
forums for free discussion and by the publi- 
cation of papers, to promote the continued 
education of their more senior members. The 
contributions to the Institution of Civil 
Engineers during the great dam controversy 
provide an excellent example of the proper 
exercise of the educational function of such 
a body, and this judgment must also include 
the technical press of the day. The problems 
involved were thoroughly ventilated and the 
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affair ended in a general consensus of opinion 
—admirably expressed in the columns of 
Engineering in 1908—that the Unwin school 
was vindicated and that the Pearson- 
Atcherley theory could not be sustained. 

It was not until many years later when a 
solution of the elastic equations for a dam 
became possible that this general judgment 
was proved to be correct. The method of 
solution was by Southwell’s relaxation pro- 
cess—itself a noteworthy and outstanding 
contribution to engineering science. 

With this controversy concluded it seemed 
that the whole theory was, from the engineer- 
ing point of view, settled and that a masonry 
dam of the gravity type could be designed 
with certainty as to its ultimate safety. 
Wegmann in America completed this phase 
in development by providing a design method 
which ensured the maximum economy in 
material. His approach was based on the 
fact that any dam, however high, could be 
divided into not more than five stages in each 
of which design conditions were different ; 
the necessary equations were developed and 
the theoretically correct profile determined. 
His treatment, however, omitted a factor 
which later assumed great importance. 
Hitherto it had been tacitly assumed that 
masonry was impervious to water ; in fact, 
it can and does become saturated, and the 
transmission of pressure through the mass of 
masonry thus made possible results in an 
‘* uplift pressure.” This complication of the 
design requirements drew more attention 
in Europe and America than in this country, 
and the need to consider it seriously was 
emphasised in both continents. The American 
Society of Civil Engineers, illustrating another 


aspect of the functions of professional 
institutions in matters relating to theo 
appointed an influential committee to study 
the question, and their recent report makes 
suggestions for design rules to cover uplift 
effects in masonry, but not concrete, dams, 
No further doubts as to the theoretical treat. 
ment of gravity dams have so far beep 
expressed, but with the need to build much 
higher structures the possibilities of arch 
dams have been exploited and these introduce 
problems far more intricate than any so far 
encountered. Arch dams enable consider. 
able economy in material to be effected, 
One of the earliest was built in the Bear 
Valley, U.S.A., in 1911, of a_height 
of 48-0ft and a base width of 8-42f;. 
The profile is shown in Fig. | and it is not 
surprising that such a bold conception should 
have produced much criticism and misgiving, 
It was, however, a pointer of things to come 
and arch dams are now of common occur- 
rence. In a narrow valley the design can be 
treated fairly simply by assuming the load 
to be carried by a series of separate arch 
rings, and this method is usually adopted in 
Italy where wonderful dams of this type have 
been built by Dr. Carlo Semenza. In a wide 
valley, however, this simple approach is not 
enough ; the water load is not carried by 
arch action alone, but partly by bending of 
vertical sections acting as cantilevers. Much 
research has gone to the development of a 
sound theory of these structures, both in 
America and in several European countries: 
this has demanded both mathematical 
and experimental study. In almost all 
cases where such dams have been designed, 
models have been made to check their 
behaviour ; these have been generally made 
in plaster and in many cases the designer 
has collaborated with university laboratories, 
At the moment, it would appear that this 
type of structure is one which demands 
team work between the engineering 
scientist and the designer. Unless a design 
organisation intends to produce a number 
of such dams and can afford to set up a 
complete establishment for the necessary 
theoretical work, the services of independent 
laboratories will be almost essential. 

It must not, of course, be concluded that 
because so much attention has been given 
to the theory of dam design that it is the only, 
or the most important, of the manifold 
developments of the past century. Every 
branch of engineering known in 1856 can 
show similar or greater advances in scientific 
appreciation of its problems, and, in addition, 
many other branches, whose possibilities 
were unthought of or only vaguely imagined 
at that time, have established themselves as 
separate technologies. The dam has merely 
been taken as a good illustration of the way 
in which theory, practice and education must 
work together for the advancement of 
engineering. 

In the short space left little can be done 
except to indicate the lines of theoretical 
development in other selected fields. In 
structural engineering, for example, the last 
hundred years have seen enormous advances. 
In 1847, less than ten years before the start 
of our period, the first rolled joist of I-section 
was produced in France by Ferdinand Zores. 
By 1855, larger sections were on view in 
the Paris Exhibition and the first steel joist 
of this type was rolled in England by Dorman, 
Long. Fresh processes of manufacture 
soon made supplies of the new material 
available, but in England the Board of Trade 
forbade its use for the construction of bridges 
until 1877. 

There is some doubt about the first steel- 
framed structure. It is said to have been 
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designed by a young American architect in 
1880, but it was not until 1883 that the first 
high building, of ten storeys, was built in 
Chicago. The fascinating possibilities thus 
opened demanded for their successful 
exploitation methods of design which would 
ensure adequate strength and this, in turn, 
resulted in advances in structural analysis 
so great as to produce a new branch of 
applied elasticity. 

For long it was natural and healthy that 
the approach to design should be tentative, 
but in the first decade of the present century 
the L.C.C. issued its first regulations for 
the control of steel-framed buildings. These 
were necessarily of an empirical nature and, 
although based on formulas of respectable 
ancestry, were, when subjected even to 
cursory examination, found in fact to bear 
little relation to the real problems of the 
intricate structures with which they professed 
to deal. 

It became increasingly apparent as build- 
ings became larger that the code was damping 
to initiative and out-dated and in August, 
1929, the Department of Scientific and 
Industrial Research appointed a Steel Struc- 
tures Research Committee under the chair- 
manship of the late Sir Clement Hindley 
and with the late Sir Reginald Stradling, 
F.R.S., as its executive officer, to review exist- 
ing methods and regulations for the design 
of steel structures (including bridges) and 
to investigate the application of modern 
theory of structures to the design of steel 
structures. It was also instructed to make 
recommendations for the translation into 
practice of such results as would make for 
economy and efficiency in design. 

In the period of nearly six years during 
which this committee worked, it produced 
three large reports dealing with its main 
terms of reference and one on welding 
problems connected with steel structures. 

In retrospect it is easy to understand why 
these reports aroused considerable criticism 
from designers, since the methods suggested 
in them did undoubtedly demand consider- 
ably more work in the design office than an 
application of the existing code. But the 
criticism served a useful purpose in directing 
attention to the urgent need for the develop- 
ment of a method of design, practical in 
application, but based on scientic principles. 
At that time, and for a few years yet, the 
theoretical approach to problems of structural 
design in mild steel was to continue, as in the 
past, to be based on the assumptions of 
purely elastic behaviour. To ensure the 
satisfaction of this assumption a working 
stress was adopted which was only a fraction 
of the stress at which elastic behaviour 
ended ; the inverse of this ratio is the factor 
of safety. A different approach was, how- 
ever, shortly to exercise considerable influence 
upon the development of design theory. 
This has become rather loosely known as 
plastic design; the essential difference 
between it and the earlier approach is that 
the basis of strength specification is the failing 
load of the structure instead of the onset of 
yield. An adequate reserve is ensured by 
designing to a fraction of this ultimate load ; 
the inverse of this fraction is known as the 
load factor. It may be said that this idea 
was not a new one in the philosophy of 
structures. It had been used from the earliest 
days of aircraft design, but its application to 
structures built of mild steel involved special 
problems due to the peculiar phenomenon 
of yield which is characteristic of this 
material. 

If yield begins at any section of a mild 
steel member under load, and loading is 
continued, the yielded area spreads pro- 
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gressively throughout the section, which then 
behaves effectively as a joint with a constant 
moment of resistance for a considerable 
range of angular movement. This moment 
of resistance can be calculated from the 
shape of the section, and ultimate failure of a 
structure occurs by the successive develop- 
ment of a sufficient number of such plastic 
hinges to reduce it to a mechanism. The 
basis of design is, therefore, to find the 
position of these hinges and hence calculate 
the failing load of the frame. The method 
is still in its infancy and although a number of 
successful structures have been designed by 
it, it is too early yet for its general application. 
Most of the credit for the long and careful 
research essential to the development of this 
new approach is due to Professor J. F. Baker, 
of Cambridge University, and his associates. 

Developments in the other major field of 
structural engineering during the last century 
are perhaps even more remarkable, since 
reinforced concrete dates only from 1868, 
when it is supposed to have been used by 
Monier for the first time. No attempt will 
be made to discuss this subject here, how- 
ever, since it will be dealt with in another 
section of the Centenary Number. 

The subject of this article has many 
aspects, and it has been impossible to do 
more than illustrate some of them by two 
examples from the field of civil engineering 
in the restricted modern sense of that designa- 
tion. Other fields can show results far more 


Scientific 


By A. G. PUGSLEY, 


T has been the fashion since the war to 

regard English engineers—more particu- 
larly in comparison with American ones— 
as slow, if not backward, in the development 
and application of new ideas and new 
methods ; and to suggest, if not directly, 
then by implication, that in recent decades 
English scientists have been “ let down” by 
the engineers of their generation. Such is 
sometimes said to be the “lesson” of the 
last war ; and all too little thought is given 
to the engineering—apart from radar, cer- 
tainly not conventionally scientific—initiative 
behind the Battle of Britain and the Battle of 
Normandy. 

In thus opening this article I am concerned 
to rid the reader at the outset of any thought 
of an essential inferiority of engineering in 
relation to science ; the two go hand-in- 
hand, initiative being sometimes with one, 
sometimes with the other, and often belonging 
to neither as such, but to that large and 
fruitful borderland between, in and out of 
which so many leading engineers and 
scientists are wont to move. Whilst war no 
doubt enlarges and enlivens this borderland, 
it is always present and always fruitful to 
both sides. 

There is another associated notion regard- 
ing the relations between science and 
engineering that is popularly current and yet 
requires some critical examination. It is that 
engineering is essentially applied science and 
little else. This is really something of a half- 
truth; as I hope will appear from this 
article, a great deal of engineering is applied 
science, but a proportion of the science has 
itself been produced by engineers ; a further 
part of engineering is, of course, in the 
nature of an art, often involving bold 
empirical extrapolations well ahead of scien- 
tific knowledge. To take two extremes 
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spectacular, for in many invention and 
inspiration have extended the bounds far 
beyond what any but a handful of visionaries 
would have thought possible when THE 
ENGINEER first saw the light of day. 

It was, for example, to be nearly fifty 
years later that man first flew in a power- 
driven machine, although the Royal Aero- 
nautical Society was founded in 1866, and if 
still further evidence is needed of the necessity 
of collaboration between theory, practice and 
education, the story of the amazing advances 
in aviation in the last half-century should 
convince the most sceptical. The indirect 
results arising from Wilbur Wright’s inventive 
genius are perhaps as important as the direct, 
and are to be seen in almost all fields of 
engineering activity; the effects of the 
stimulus provided to the investigation of 
structural theory, to the study of properties 
of materials, and to the developments in 
internal combustion engineering are incalcul- 
able, and future possibilities are dazzling. 

And this is but one of many completely 
new fields ; in the realm of light electrical 
engineering and electronics, and in the 
industrial use of nuclear energy, there are 
potentialities which challenge the skill of 
the engineer to its utmost. If the lesson of 
the past century is learnt, and theory, practice 
and education work together in the future, 
the record of achievement that may be 
unfolded in the bicentenary number of THE 
ENGINEER in 2056 is well-nigh unimaginable. 


Discovery 
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relating to the general situation, one may say, 
with little exaggeration, that while the science 
of electricity largely produced the electrical 
industry, the steam industry largely produced 
the science of thermodynamics. 

If in this article, therefore, I am, by the 
nature of its object, constrained to dwell on 
the influence of science and its discoveries on 
engineering, I do so fully apprised that this 
is not a one-way traffic. 

There are, of course, many ways in which 
this subject could be treated. We could 
examine the work of a few leading scientists, 
past or present, and try to see just how and to 
what degree it influenced engineering. Alter- 
natively, we could take a more subtle line 
and say that a major means by which one 
generation affects the next is by the textbooks 
it provides for engineering students. We 
could examine leading textbooks, such as 
those by Rankine in the 1850’s, and note the 
very influential link they provided between 
the science of their time—and very up-to- 
date and indeed original these books were— 
and engineers, and thence the achievements 
of engineering itself. We could go on to 
observe the same kind of influence, but more 
concentrated and specialised, in later books 
such as Love’s “ Elasticity” or Rayleigh’s 
“Sound,” and this would indeed be a very 
interesting approach. Instead, however, we 
could, as I propose, follow the more straight- 
forward path of examining what has hap- 
pened in a few sample areas of engineering, 
picking out points in their history of signific- 
ance to our theme. Such areas could, of 
course, be chosen at random, but I have 
chosen to follow the easier and, I hope, 
wiser course of dealing only with a few areas 
within common experience. 

All engineers, for good or ill, have at one 
time or another to deal with gravity and with 
friction. At school pupils are commonly 
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taught something of both, largely, if not 
exclusively, on the classical lines of nineteenth 
century mechanics. They are later made 
aware, as regards gravity, that their schoolboy 
faux pas with “ g” were, though wrong, at 
least symptomatic of a fundamental inade- 
quacy of the Newtonian Theory, since 
rectified by the Theory of Relativity. Unless 
an engineer moves either into sub-atomic 
work on the one hand, or looks into the 
problems of interspace travel on the other, 
he will commonly leave gravity at that. 
But friction he cannot avoid, and here the 
impact of science has been, to say the least, 
intriguing. 
FRICTION 

A century ago Coulomb’s laws of friction 
were being applied to all sorts of engineering 
problems with considerable success. Coeffi- 
cients of friction were based on relevant 
experimental measurements, and the differ- 
ence between the values for motion and for 
no motion was appreciated. Greatest 
interest lay in cases of relative movement 
between unlubricated surfaces, or, as the 
Rev. Twisden (then Professor of Mathe- 
matics at the Staff College) nicely puts it, 
surfaces “ between which no unguents are 
interposed.” With the great expansion of 
mechanical engineering during the second 
half of the nineteenth century, the centre of 
interest moved to lubricated bearings and 
many experiments on friction under such 
conditions were made ; but the results were 
still cast in the form of a coefficient of 
friction and still discussed in terms of 
Coulomb’s laws. 

So far as textbooks are concerned, this 
was the position at the turn of the century, but 
back in 1883, during some careful experi- 
ments on lubricated bearings, Beauchamp 
Tower studied the effects of speed variation 
and noted that in many cases his shafts 
“rode” freely on an oil film without any 
metal-to-metal contact. Osborne Reynolds 
became interested in this practical observa- 
tion, realised that it was capable of explana- 
tion in hydrodynamic terms, and so founded 
the theory of lubricated bearings in 1886. In 
the next decade the theory was further 
developed and its mathematical treatment 
improved by a number of other research 
workers ; by 1905 Michell was able to apply 
it to the development of a completely new 
thrust bearing based on hydrodynamic 
principles. 

The old laws of friction, however, were 
still all that was available for discussing 
friction between dry solid surfaces, and even 
schoolboys became critical of their in- 
adequacies ; yet no substantial advance 
was made till just before the recent war. At 
that time Bowden, of Cambridge, became 
interested in the behaviour of very thin 
films of lubricant and in the heating effects 
of friction. In the course of his work the 
fact that surface irregularities, even on 
highly polished “ flat” surfaces, were enor- 
mous compared with molecular dimensions 
became apparent and was demonstrated 
by the electron microscope, then newly 
developed. Bowden, by this means, and also 
by measuring the electrical resistance across 
metal surfaces in contact, was able to show 
that the real area of contact between two 
“** flat’ metal surfaces pressed together was 
very small, perhaps less than one ten- 
thousandth of the apparent area. Thus 
under quite low loads, the stresses at the 
real contact points produce yielding, and for 
higher loads the area of contact increases 
linearly with the load. On the basis of these 
fundamental ideas, Bowden has been able 
to build up a physical theory of solid friction 
that both explains and modifies the old 


empirically-based laws of Coulomb. As a 
result, not only is solid friction clearly linked 
with the realms of elasticity and plasticity, 
but new life has been brought to many 
problems involving friction. What polishing 
really does, the mechanism of sliding on ice, 
and the physics of rolling friction—in all 
such fields our knowledge and our practical 
power therefrom have been rapidly advanced. 

The new theory does not and will not end 
at this stage of development. It is already 
clear that the synthesis of the lubrication 
theory of Osborne Reynolds, at one end of 
the practical range, with the solid friction 
theory of Bowden at the other, is at hand. 
The rapidly developing theory of plasticity 
of metals is also already playing its part. 
The metal wire drawing and extruding 
processes of industry will no doubt both 
benefit. 


ARCH CONSTRUCTION 


Before we attempt to generalise on the 
influence of scientific discovery let us look 
at one or two more examples of the process. 
Let us turn first to a problem with an even 
longer history than friction—that of arch 
construction, culminating in the modern 
theory of arches. 

Masonry and brick arches have a history 
going back to Roman, and possibly Minoan, 
times. Until the middle ages, however, 
whilst their use became more general, methods 
of construction and physical understanding 
did not advance, and the limits of achieve- 
ment were largely within 60ft or 70ft span. 
Following the Italian Renaissance, however, 
the science of statics had its birth and by 
1691 Johann Bernouilli solved the problem 
of the catenary curve adopted by a hanging 
chain. Soon afterwards, de la Hire and 
Parent of France treated the arch problem 
as one of the statical equilibrium of the 
individual blocks or “ voussoirs,” and the 
Scottish mathematician D. Gregory summed 
up their work by pointing in 16977 to the 
inverted catenary curve as_ theoretically 
that appropriate to an arch built of smooth 
uncemented voussoirs. Poleni of Venice, 
who was called upon in 1743 to examine the 
state of the dome of St. Peters in Rome, 
used this inverted catenary idea, determining 
the shape appropriate to a chain of non- 
uniform weight by direct model experi- 
ment. Thus was initiated the purely statical 
approach to the theory of arches. In the 
hands of Coulomb it was developed to en- 
visage, quantitatively, friction and cohesion 
at the joints; only so, as Coulomb saw, 
could one account for the stability of arches 
not strictly of catenary form ; by this means 
he established limits between which the 
horizontal thrust in the practical masonry 
arch (that is, the thrust at the crown, or the 
horizontal component of the thrust at a 
springing) must lie. Continuing this French 
tradition, Navier, in 1826, showed that the 
resultant thrust or pressure across a non- 
cohesive joint in an arch must, if the joint 
is not to start to open, act across the joint 
within the middle third of its width. 

With these gradual additions to knowledge, 
engineers were able slowly to increase the 
spans of their practical designs. The Maiden- 
head railway bridge over the Thames, when 
it was built by Brunel in 1839, had the record 
span—two arches of 128ft each—of its time, 
and represented nearly a doubling of the 
medieval limit. When Brunel designed it, 
however, he was able to employ an advance 
upon the French work just outlined, due to 
Professor Moseley of King’s College, London, 
who combined the teaching of mechanics 





{It is interesting to notice that Robert Hooks, as was typical 
of him, had already | seen this in 1676, giving an anagram the 
solution of which is “ as the continuous flexible hangs downward 
so will the continuous rigid stand up inverted.”’ 
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with a canonry at Bristol. Moseley had just 
initiated the idea of plotting a line of thrust, 
or “ linear arch ” as it is now known, repre. 
senting a locus of the centres of resultant 
thrust at sections around the arch consistent 
with equilibrium under a given system of dead 
and live loads. Moseley, and later Rankine 
(1861) and Fuller (1875), all realised that jt 
was possible to draw many such lines of thrust; 
and they assumed that so long as one such 
line could be drawn that was wholly within 
the ‘* middle third ” of Navier, then the arch 
was safe, or that the “true” line of thrust 
could be selected from the many statically 
possible ones by some geometrical restric. 
tion. 

There was at this stage no clear recognition 
or appreciation of the difference between a 
statically determinate and a statically indeter- 
minate structure. Recognition of this differ- 
ence in relation to arches came not in relation 
to masonry ones, but to wrought iron ones, 
In 1879, Castigliano first enunciated his 
strain energy theorems for the treatment of 
redundant structures, and when he did so 
his first applications of the idea were to 
arches. He realised, too, that for low loads 
a masonry arch would behave elastically 
and that his energy approach, which for an 
arch effectively replaced the faulty idea of 
geometric restrictions by the clear physical 
one of deflection restrictions (movements at 
abutments, &c.), solved the old problem of 
the “‘ true ” line of thrust. 

Castigliano’s work was slow to be noticed 
in England, so that even by 1910, when it 
was translated by Andrews and published 
here, textbooks on masonry arches still 
discussed their stability in terms of lines of 
thrust located by Fuller’s or related methods. 
In fact, by the time the relevance of Casti- 
gliano’s work was fully recognised here, 
practical interest in masonry and brick 
arches had largely died because they were 
seldom used. In the second world war, 
however, a new interest arose because of the 
necessity of checking the adequacy of old 
arch bridges for the live loads of wartime, 
and Professor Pippard undertook a new 
inquiry into the mechanics of the voussoir 
arch. By a series of model experiments with 
arches constructed of individual voussoirs 
of steel and other materials, he was able to 
confirm Castigliano’s assumption that under 
low live loads the arch behaves as though 
continuous and elastic; he was also able 
to demonstrate that at high loads a voussoir 
arch can become unstable as a result of the 
*‘ opening” of some of its joints. In fact, 
when sufficient such openings have occurred 
as to make the arch, considered as a number 
of curved members between the “ hinges” 
produced by the open joints, statically 
determinate, then any further opening started 
collapse. He thus initiated in 1951 a theory 
of collapse for voussoir arches based upon 
the determination of the positions of the 
“open” joints appropriate to a _ given 
distribution of live load. 

It is interesting to note that, in the century 
that has passed since Brunel erected the 
Maidenhead Bridge, with little advance until 
recently in the theory of voussoir arches, 
practice in masonry or brick arch construc- 
tion has progressed little. Other materials, 
other methods have now come to the fore ; 
but, with its basis at last better understood 
than ever before, perhaps the old traditional 
arch may yet win a new lease of life. 


ELECTRICAL STRAIN GAUGES 
Our arch example is one where engineering 
practice, at first well ahead of science, has 
been finally overtaken and passed, even 
though it may be too late for useful applica- 
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tion. One is tempted to inquire whether 
this sequence of events is more representative 
of the past than the future and unlikely to be 
repeated ? Data for an answer to this 

uestion may be found in some modern 
engineering advances, particularly those in 
which the advance has been made without 
adequate scientific backing, whether from 
lack of scientific effort or from the back- 
wardness of science itself in the field con- 
cerned. Illustrative of this is the interesting 
development of the modern electrical strain 

uge based on the variation of the resistance 
of a wire when pulled. 

Back in 1854, Kelvin was studying the 
phenomenon of thermo-electricity ; at about 
the same time he became interested, too, in 
the measurement of the electrical resistance 
of fine wires by means of the then newly 
invented Wheatstone Bridge and produced 
some of his own variations thereof. In the 
course of this work he loaded some of the 
wires in tension and noticed that the resistance 
of his wires increased with the tension in 
them. By a special bridge arrangement in 
which known weights were hung on the wires, 
he studied this variation in some detail for 
both copper and iron wires. The principle 
thus established in 1856 was not used as a 
means of measuring strain until 1930, when 
Carlson adopted it for the measurement of 
strains in concrete structures, using fine steel 
wires. The idea of bonding the wire to the 
metal of a structure so that the wire auto- 
matically adopted the local strain in the 
metal came later; Simons, Clark and 
Datwyler, of the California Institute of 
Technology, conceived the idea of bonding 
for use in impact testing measurements. 
They adopted fine constantan wire arranged 
in zigzag fashion bonded by glyptal and 
covered by tape. At about the same time, 
Ruge of the Massachusetts Institute of Tech- 
nology started bonding the wire to fine paper 
and then glueing the paper to the structure. 
This scheme led ultimately to the Baldwin- 
Southwark bonded metal gauge standardised 
just before the last war. 

In England little attention was paid to this 
development until the war necessitated the 
rapid development of mechanical testing 
equipment for aircraft structures at Farn- 
borough. More and more strain gauge 
measurements became necessary, and the 
wire-resistance gauge was turned to as the 
most convenient for much of this work, 
first in the laboratory and later in flight. 
For the resulting large-scale use of such 
gauges, first in aircraft and later in many 
other types of structure, including ships, 
England was greatly indebted to the U.S.A. 
initiative of the 1930’s. To-day, such gauges 
are very widely used for the measurement 
of strains in structures, both under static 
and dynamic conditions, and to anyone 
conversant with the mechanical gauges of 1910, 
represent a striking twentieth century change. 

Yet with all this engineering development 
the gauges concerned are really being used 
beyond the present understanding of physics. 
The change in electrical resistance of a wire 
when pulled is largely explained by the con- 
traction of sectional area resulting from the 
pull; this change can be accurately pre- 
dicted by the use of Poisson’s ratio basic to 
the theory of elasticity. But the actual change 
of resistance is commonly some 20 per cent 
greater than can be explained in this way, and 
the theory of electrical conduction in metals 
has yet to find a way of completely accounting 
for this. It remains to be seen whether, by 
the time such an explanation arrives it will 
help the further development of such strain 
gauges, or whether it will be a purely 
academic addition to knowledge. 


THE ENGINEER CENTENARY NUMBER 


I have outlined only three small examples 
indicative of the interplay of scientific dis- 
covery and engineering practice, and hope 
that they themselves speak of the processes 
involved. One or two general points, how- 
ever, emerge to which attention should 
specially be drawn. 


CONCLUSION 

During the first half of this century, 
engineering, at least in its higher flights, has 
been characterised by its greatly increased 
use of mathematics. The seeds of this pro- 
cess were set in the middle of last century, or 
even earlier, when Telford appealed to 
Gilbert about catenaries and Robert Stephen- 
son had his experiments, and those of Fair- 
bairn, analysed by Hodgkinson. But now 
the engineer not only employs mathe- 
maticians, he thinks in mathematical terms 
himself ; and as a result he absorbs new 
scientific developments most readily when 
they have been stated in simple mathematical 
ways, and he measures his advances not only 
by the scale of his achievements, but also by 
his understanding—often in mathematical 
terms—of them. Our arch example illus- 
trates this in some measure, but was not 
chosen for the purpose ; the whole of modern 
engineering speaks for itself in the matter. 

During this same half century we have had 
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two major wars, and during, or as a result of, 
each there have been major engineering 
developments. In most cases these develop- 
ments have resulted, directly or indirectly, 
from the give and take between different 
fields of science and engineering, or between 
individual scientists and engineers, brought 
together by the exigencies of war. The 
resulting acceleration of engineering advances 
has been notable and appears in all three of 
our examples ; here is a basic source of new 
ideas and new practices. There are evidently 
great advantages in periodically taking the 
ideas and methods current in one field of 
science or engineering into another field. 
Much of the knowledge thus brought into an 
existing field will be inappropriate and sterile, 
but some will often light up an old problem 
or open up a new avenue of engineering 
practice. Wars have had many of their 
lasting effects on industry by forcing just 
this process of mixing ; the rapid develop- 
ment of aeronautics in both world wars, 
during which scientists and engineers of all 
kinds sought to aid the art, is an example par 
excellence of this. In the field of science, and 
in the academic world in other fields as well, 
the merits of mixing in this way have long 
been known ; what we witness in practice, 
accelerated by war, is the traditional custom 
of the university common room, writ large. 


Economics 


By PROFESSOR SIR 


T would be pleasant indeed to use this 

invitation to survey the economic setting 
in which the engineering industry operates as 
an opportunity for a well-merited panegyric, 
a festival pean of praise to British engineers 
for the contribution they have made to the 
abiding strength and peculiar quality of 
the British economy. The very name 
engineer pays its own tribute throughout the 
world to the ingenuity and talent which have 
always been the hall-mark of this many-sided 
craft and profession. Good wine, however, 
needs no bush. It will, I am sure, be more 
appropriate for me to explore some of the 
economic peculiarities which attach to the 
demand for engineering products and services 
and which appear, on the side of supply, to 
have influenced the organisation of the 
industry. 

VOLUME OF ACTIVITY 


What, first of all, determines the volume 
of activity displayed by the various engineer- 
ing industries throughout the world at any 
one time ? Underlying all the causes which 
specially affect engineering is the level of 
ultimate general consumption of goods and 
services by the population. When aggregate 
consumption increases, stocks of consumable 
goods are drawn on at a greater rate and 
most of them will need to be more quickly 
replaced. If the rise in consumption increases 
on account, perhaps, of an increase in the 
total population or of increases in individual 
productivity and incomes, the production of 
consumable goods must also rise. Produc- 
tive capacity will be employed to a greater 
extent. If it is inadequate to meet the demand 
additional machinery will be necessary and, 
if existing machinery is more fully used, it 
may need earlier replacement. The capital 
goods industries, and the engineering indus- 
tries in particular, will have more to do. 

It is still convenient to classify as belonging 
to the engineering industries the whole range 
of processes involved in working up the 
finished products of the metal - making 
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industries, ferrous and non-ferrous, and often 
in conjunction with a wide range of other 
materials, into finished “ engineering” 
products. With the march of technological 
development the industry has progressively 
extended the range of its activities and 
increased the diversity of its specialisation. 
Nevertheless, there is one common feature 
of engineering products on which it is 
important to lay stress, if we wish for a 
clearer understanding of the peculiar charac- 
teristics of the demand for them. That is 
their durability. 

Many consumption goods have no more 
than an ephemeral value, and if they are 
continuously in demand the stock must be 
completely and often promptly replaced as 
they are consumed. Usually, also, the act 
of consumption destroys their identity, often 
to the extent that they cannot be reconstituted 
from any recoverable waste, so that further 
supplies must be wholly produced from new 
material. In such cases the average rate of 
output in the supply industries is identical 
with the average rate of consumption, any 
variations being exactly accounted for by 
changes in stocks carried and, in the case of 
perishable goods, wastage occurring between 
the points of production and consumption. 
When the rate of consumption varies upward 
or downward, new production will vary 
similarly, with the additional possibility of 
losses due to errors of anticipation. 

An important new element enters when the 
goods are, as with engineering products, 
more or less durable. The consumer who 
buys a durable good invests in a stock of 
consumable services which he may draw 
upon for as long as the commodity is capable 
of providing them. That may be, as in the 
case of a bar of soap, for as long as it lasts, 
or for a dry battery, until it ceases to yield 
an adequate current, for a wheelbarrow until 
it finally collapses. A piece of equipment 
may be very durable indeed and once the 
whole potential market has been equipped 
the replacement demand will amount to a 
very small fraction of the initial rate of 


166 THE 


output. An industry which supplies very 
durable articles, as do the great majority of 
engineering firms, must anticipate a marked 
contraction of demand for a given product 
when the market is fully equipped and 
further orders are placed solely to meet 
replacement requirements, and it will do 
well to make its supply arrangements 
accordingly. 

It will be helpful now to go back a stage 
further. Perishable consumer goods, such 
as beer or newsprint, are usually produced 
by firms which use very durable plant and 
equipment. The business of maintaining a 
steady and complete replacement of its 
perishable products, as consumed, may keep 
the productive equipment nicely occupied, 
but once the initial capacity has been pro- 
vided, the makers of the equipment used by 
these industries will receive orders for replace- 
ment purposes only. If the equipment lasts 
on the average for twenty years, the replace- 
ment demand, also on the average, will be 
only 5 per cent of the total stock of equip- 
ment originally installed. 


EXPANSION AND CONTRACTION 


Suppose, now, that new markets are 
opened up, or the incomes of existing buyers 
increase or they change their pattern of 
consumption and buy more, with the result 
that demand for the consumption good 
expands by as much as 20 per cent. If the 
capacity of the manufacturers were already 
fully occupied, they might decide to order 
from their equipment suppliers additional 
plant and machinery equal to 20 per cent of 
their existing capacity. Taken in conjunction 
with their normal 5 per cent demand for 
replacement, the consequence of a 20 per 
cent rise in consumption of the final product 
would be a five-fold increase in the normal 
demand for machinery with which to make it. 

Suppose, on the other hand, that consump- 
tion falls off, on account, for instance, of a 
change in taste, or competition in overseas 
markets, or the failure of consumers’ incomes 
to keep pace with rising prices. The capacity 
of the manufacturers of the consumers’ goods 
will be less fully occupied. A reduction of 
output of only 5 per cent would make it 
unnecessary, in the example we have taken 
of machinery with an average life of twenty 
years, to replace any of the plant falling due 
for renewal in that year, and the equipment 
manufacturers might therefore receive no 
orders at all for that type of machinery. 

There can be little doubt that we have here 
at least part of the explanation why the 
fluctuations in activity experienced by firms 
in the engineering industry are generally 
much wider than those to which the manu- 
facturers of consumers’ goods are subjected. 
The demand for engineering products is 
derived, at one or more stages removed, 
from the demand for the consumption goods 
which the machinery is designed to manu- 
facture, and the more durable the equipment 
is the smaller is the annual replacement 
demand. A small increase in demand for 
consumers’ goods may generate swollen 
order books for additional manufacturing 
plant, while a small reduction in consumption 
may obliterate even the small orders for 
normal replacement requirements. If the 
changes in consumption affect only small 
sections of the whole economy, as, for in- 
stance, when they are due to changes of taste 
rather than to fluctuations in aggregate con- 
sumers’ expenditure, the effects on the 
engineering industry may be localised and 
may indeed be more than offset by counter- 
vailing orders for additional equipment to 
augment the supplies of the more favoured 
goods. More general forces, however, 


which affect the rate of consumption through- 
out the whole economy will be more likely 
to lead to much greater variations in the 
activity of the durable plant manufacturers 
taken as a whole. 

It will be recognised that the illustration 
has been deliberately chosen to display a 
somewhat extreme case. It has, for instance, 
been assumed that the consumers’ goods 
industries do not in general retain much 
capacity surplus to normal demand, and that 
competitive forces have compelled them to 
operate it fully in normal times in order to 
minimise operating costs and selling prices. 
It has also been assumed that the engineering 
firms and other makers of their durable 
equipment who provided the initial installa- 
tions will in general be capable at any time 
of expanding output far beyond the needs of 
mere replacement demand. By and large, 
it is probable that the industries concerned 
are in fact generally organised on that basis. 
The makers of engineering plant are not by 
any means all vertically integrated and are 
accustomed to “buy in” their castings, 
forgings and components from common pro- 
viders who serve a variety of interests and 
can absorb fluctuations in load from indi- 
vidual customers without undue embarrass- 
ment or strain. Others are horizontally 
integrated, in the sense that they produce a 
variety of machines, the demands for which 
are not likely, except in conditions of 
general boom or depression, to fluctuate 
together in the same direction at any one 
time. So far as the manufacturers of con- 
sumption goods are concerned, it is no doubt 
the case that many of them can, at least in 
the short run, meet a sudden spate of orders 
by overloading their plant, by resort to 
expensive additional week-end shift working, 
and by retaining some old plant for emerg- 
ency standby use after it has been superseded 
by normal replacement in the production 
line. Much depends on managerial skill and 
experience in recognising short period in- 
creases in demand which, on a careful weigh- 
ing of all the relevant considerations, can be 
more efficiently handled without expanding 
capacity. 

Expectations about future trends may, 
however, lead to decisions which operate in 
the opposite direction. Depreciation allow- 
ances and replacement programmes are 
inevitably arbitrary, and conditions may be 
anticipated from time to time which would 
justify postponement of normal replacement 
orders. An expected curtailment of con- 
sumers’ purchases may be as serious for 
machine makers as an actual reduction. 
Similarly, the expectation that improved 
types of machinery or new technological pro- 
cesses are in course of development can have 
the same immediate effect of postponing 
replacement orders, and when important 
cost-reducing or product-improving innova- 
tions become available the rate of replace- 
ment and re-equipment will be dispropor- 
tionately increased. If these expectations 
are to be freed from avoidable error, much 
more general and intelligent use must be made 
by business firms of the greatly improved 
statistical market surveying and reporting 
services that are now available. 


EFFECT OF INTERNATIONAL POLICIES 


So much for the inherent problem of 
fluctuating activity in the industries such as 
engineering which cater so largely for the 
demand for durable producers’ goods. By 
what means has this tendency been countered 
in the past ? By what kinds of policy can 
further alleviations be introduced ? And 
by what agencies can action be best taken : 
by international authorities, governmental 
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agencies, industrial associations, or by the 
efforts of individual firms ? 

As we have seen, general instability Springs 
in the main from fluctuations around the 
normal upward trend in the incomes and 
expenditures of ultimate consumers, and not 
from the upward trend itself. For that 
reason the first emphasis has rightly been 
placed on the post-war attempts to secure, 
with the consent of collaborating national 
monetary authorities, a co-ordinated inter. 
national policy to check and counter avoid- 
able fluctuations, both deflationary and 
inflationary, in the world economy. If 
continuous international consultation can 
lead to early agreement on the general policy 
to be followed as world conditions change, 
there must be a readiness on the part of 
national financial authorities to play their 
part in implementing it and in abstaining 
from the adoption of other measures which 
would frustrate the collective action. Inter- 
national agreements on policy must neces- 
sarily be mainly confined to general overall 
measures to maintain and raise the level of 
prosperity throughout the world, and it 
remains the responsibility of national govern- 
ments so to frame their sectional and 
regional plans as to ensure their compatibility 
with the aims underlying the international 
agreements. This country in particular 
prospers most when world prosperity is 
greatest, and the engineering industry has a 
special interest in supporting all attempts to 
reduce exchange restrictions and customs 
barriers and to abolish import licensing and 
quantitative controls on free international 
commerce. 

If the world’s monetary and fiscal autho- 
rities can succeed in maintaining a more 
steadily expanding economy, the level of 
activity in the engineering industries will be 
determined by the rate of new industrial 
development, particularly overseas. British 
manufacturers of durable plant were the 
pioneers in opening-up the undeveloped 
regions of the earth, and the potentialities 
are still vast. Mining equipment for the 
exploitation of untapped mineral resources, 
the installation of power plants and prime 
movers, the building of new townships and 
the equipment of offices and factories, 
constructional engineering products, trans- 
port equipment, shipbuilding and _air- 
craft construction, telecommunications and 
multifarious types of industrial machinery 
all mean orders for the engineering and 
machine tool industries. It is true that the 
industrialisation of the more recently devel- 
oped centres of population overseas has 
intensified competition for various British 
exporters of consumers’ goods, so that they 
have had to be content with a share of the 
rapidly growing markets. It is, however, 
equally certain that the same industrialisation 
movement has expanded the export business 
of the producers of durable plant, and of 
the machine tool industry which equips 
them, in the old-established centres of the 
leading industrial countries. 


EXPORT BUSINESS 


Britain’s share in this new engineering 
business is not by any means assured. It is 
not there for the asking. The design of 
industrial machinery must be consciously 
adapted to the supply of co-operating factors, 
the available quality of materials to be 
processed, the quality of the labour force, 
and environmental conditions such as climate, 
in each of the new industrial regions of the 
world. New industrial development may be 
deliberately planned in some territories to 
utilise qualities of material which have not 
hitherto been drawn upon extensively by this 





= = - = = 


ee ee ee SS ee 





SS SS eS OD CU 








country for use in our home industries, and 
the types of plant and equipment which 
have been evolved to-serve best the needs of 
the home market may not be suitable for 
the new export markets without drastic 
redesign and modification. 


EFFECT OF THE LABOUR FORCE 


Differences in the qualities of the labour 
force available have a wider and more 
general significance. It is not a question 
necessarily of any inherent variations in the 
innate capacities of different racial groups 
of industrial workers, about which it would 
be foolish in the present state of knowledge 
to dogmatise. The point is rather that 
there are no grounds for assuming that in 
the foreseeable future, looking as far ahead 
as is relevant for consideration of machine 
and plant design, the constitution of the 
industrial labour force in particular regions 
overseas will approximate to that of this 
country, so far as the proportions of skilled, 
semi-skilled and “‘ green”’ labour are con- 
cerned. There are, of course, new industrial 
areas in this country in which industrial 
processes have had to be planned on the 
basis of drawing and training the machine- 
operating staff from local supplies of unskilled 
workers, with the expectancy of a high labour 
turnover. Machine designers accustomed to 
solving these problems at home may, never- 
theless, find that their products will not be 
suitable for, say, African industrialisation. 
Factories in West, Central and East Africa 
may need to be based on a migrant peasant 
labour force, recruited for a period limited 
to months rather than years, with no expec- 
tation that the same workers will ever wish 
to return to industry, let alone the same kind 
of factory work, for further periods of employ- 
ment. They may be largely young men 
wishing, once in their life, to earn the price 
of a bride. In such circumstances the 
“ skill-content ’”’ of the machine, as com- 
pared with the investment of training in 
newly-recruited labour, may be radically 
different from that appropriate in any section 
of home industry. The problem of adjust- 
ment and modification of production tech- 
nique and machine design to meet the needs 
of these new territories will clearly be 
greatest for those sections of the British 
machinery manufacturing industry which 
have hitherto concentrated on equipping 
home industries that enjoy the advantages 
of a relatively abundant supply of highly- 
skilled craftsmen, reared in families long 
dedicated to their special craft, and trained 
in well-tried apprenticeship schemes and in 
well-equipped technical colleges. The’machi- 
nery manufacturers of the United States are 
more advantageously placed. In the period 
of rapid evolution of American industry the 
absolute shortage of highly-skilled craftsmen 
was reflected in a wage structure in which the 
differential between the wages of skilled and 
unskilled workers was much greater than in 
Britain, and the pressure to reduce production 
costs promoted the development of industrial 
techniques and machine designs which 
economised on labour cost rather than, as in 
this country, enabling skilled craftsmen to 
add the maximum value to expensive imported 
material. American outlook and experience 
are consequently more generally in accord 
with the requirements of the new industrial 
markets, and the British engineering industry 
must expect to encounter competition which 
will make a continuous and heavy call on its 
powers of innovation. 


INFLUENCE OF LIFE AND COST OF INSTALLATION 


In relation particularly to the development 
of export business there is one further general 
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consideration affecting the design of equip- 
ment which can be very important. That is 
the relation between the life of durable 
machinery and the capital cost of the in- 
stallation. Equipment can usually be designed 
to last for longer or shorter periods of ser- 
vice, the more durable usually involving a 
higher initial cost. The cost of an installation 
is in substance a down payment for a flow 
of potential service lasting until the equip- 
ment is worn out. The period of service 
which it will be good business to pay for will 
depend upon balancing the higher interest 
charge involved in investing in more expen- 
sive and durable machines, over the longer 
period that must elapse before the machines 
have yielded their final services, and the 
discounted present value of the more dis- 
tant services. If the rate of interest on capital 
is low, it will pay to install more durable 
machinery ; at a higher rate of interest, 
less durable machines which cost less in the 
first place would be a better bargain. In 
undeveloped countries, interest rates tend 
to be high, and excessive durability wastes 
capital which is already in short supply and 
is relatively costly. It is not mere foolishness, 
but in part the high prevailing rate of interest, 
that has made generations of African 
natives prefer to live in cheap huts of wattle 
and daub which need frequent replacement. 
For that reason, the higher cost of some 
traditionally durable British equipment may 
render it unattractive in many newly develop- 
ing markets. In times of rapid technological 
development, the risk of obsolescence is a 
further disadvantage. The chance that 
improved machinery will compel the replace- 
ment of industrial plant before its full 
potential service has been obtained strengthens 
still further the preference for cheaper 
installations which yield their full output 
in a shorter period. 


POTENTIAL CUSTOMERS 


Industrial expansion overseas thus offers 
to British engineering a vast potential 
and continuing market in producers’ equip- 
ment for which to strive. It can serve to 
broaden and stabilise the demand. Another 
similar opportunity has already been taken, 
and can be extended, by the growing penetra- 
tion of engineering firms into the field of 
durable consumers’ equipment. As more and 
more domestic households rise into the in- 
come groups that can afford to acquire house- 
hold and private transport equipment, the 
manufacturers and the industrial machinery 
makers who equip them enter upon a far 
more extensive market than hitherto. The 
potential customers can be numbered in 
millions, compared with the mere hundreds 
or thousands of buyers of producers’ plant, 
and the separation of households involves 
the supply of far more units of equipment 
than would be required if people were more 
generally able and willing to share or acquire 
collectively. Home bathrooms and washing 
machines are much less fully utilised than 
municipal wash-houses and _launderettes. 
Private cars do far fewer passenger miles 
a year, per £ of unit cost, than taxicabs or 
motor-coaches, and television sets serve far 
fewer viewers than do cinema projectors and 
screens. As people are willing to pay for 
greater availability and convenience, the 
volume of initial equipment demanded is 
vastly increased. Both rising incomes, and 
the need to substitute labour saving ma- 
chinery for diminishing domestic service, 
have contributed to this development. It 
has been greatly facilitated by the organisation 
of instalment purchase finance. This great 
expansion, direct and indirect, for engineer- 
ing service is likely to continue despite the 
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relatively low replacement demand, compared 
even with that for producers’ equipment. 
Competitive forces compel producers to 
regard obsolescence as an inevitable con- 
comitant of industrial progress, whereas 
final consumers have no similar compelling 
need to scrap equipment which is still capable 
of rendering an acceptable service. The 
attempt to introduce fashion changes in the 
field of household equipment is hardly likely 
to achieve more than the acceleration of the 
rate of penetration into the poorer households 
through the medium of the second-hand 
market. 


OBSOLESCENCE 


The rapidity of technological advance and 
the rate of invention and development of 
new industrial processes and machines is an 
important sustaining influence on the volume 
of new engineering business. Molecular 
and metallurgical research into the properties 
of old and new materials has transformed 
many industrial processes and led to revolu- 
tionary changes in methods of casting, 
moulding, drawing and machining the com- 
ponent parts of manufactured products. 
New synthetic materials, some replacing 
metallic alloys, have been evolved with 
characteristics which have swept away old 
obstacles to advance and have extended 
production into fields hitherto impenetrable 
if indeed foreseen. Production times have 
been progressively reduced. The flow of 
inventiveness is incessant. 

A progressive industry cannot afford to 
lag behind. One of the inevitable costs of 
progress is obsolescence—that is the loss 
of value of particular durable goods while 
still physically sound and in working order, 
as the result of the emergence of cheaper 
and better alternatives. Every separate 
advance towards greater general wealth and 
well-being is bound to affect adversely those 
existing interests which are vested in the 
scarcity which the new advance is capable of 
reducing. To attempt to check the advance 
in order to temper the wind, or to recreate 
book values obliterated by new knowledge 
and new techniques, is simply to leave the 
new field of advance open to conquest by 
other exploiters with longer foresight, a 
firmer hand on the blue-pencil and less 
psychological reluctance to accept the inevit- 
able. In its public and private arrangements, 
an expansionist country will endeavour con- 
sistently so to organise its affairs as to ensure 
the fullest and most speedy access of all its 
industrialists to the new opportunities which 
new knowledge and technological invention 
have to offer. In the field of invention, it 
is a merit of the Patents Act of 1949 that it 
has substituted the term “ patent rights ” 
for the former concept of patent monopoly. 
The sections of the revised Act relating to 
compulsory licensing and licences of right 
indicate that the intention is to speed up 
the exploitation of new inventions, by ensur- 
ing that during the lifetime of the patent they 
are made widely available to industry, on a 
royalty basis and on reasonable terms. 


ADJUSTMENT TO CHANGING CIRCUMSTANCES 


The condition for continuing prosperity 
is therefore flexibility of adjustment to chang- 
ing circumstances. On the whole, the 
structure of the engineering industry is well 
adapted to meet this need. There is much 
specialisation of firms, which promotes 
intensive high-level consideration of detail. 
Large sections of the industry are not over- 
integrated vertically ; the producers of final 
equipment are therefore reasonably free to 
vary designs and specifications, materials 
and components with a single regard for the 
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maximum satisfaction of potential customers 
with changing needs at home and abroad. 


In the engineering forests, most of the animals : 


are eager hunters, with keen noses to the 
wind, unencumbered in their movements 
by vestigial tails and worrying parasites, and, 
on the whole, free from the internal adhesions 
which might deprive a healthy and adven- 
turous appetite of the boon of a correspond- 
ingly good digestion. 

The British engineering industry should 
therefore have little difficulty in convincing the 
world that in post-war circumstances it is 
wholly on the side of the advocates of an ex- 
pansionist economy, sparing no effort to attain 
and ensure the highest level of productive 
activity. Managementcan then look organised 
labour squarely in the eye. Given inter- 
national and governmental action to provide 
a stable economy, employers and workers 
in the engineering industry are united in the 


Applied 
By SIR HAROLD ROXBEE COX, 


HE words “ applied research ” are some- 

what loosely used. On different lips they 
are apt to have different meanings: even 
the same lips have been guilty of inconsist- 
ency. The differences are not, of course, 
basic in character. They are, however, 
sufficient to require that anyone writing about 
applied research should make quite clear 
what it is he is writing about. 


WHuaAT IS APPLIED RESEARCH ? 

(1) To the inquirer seeking to enlarge the 
boundaries of knowledge to satisfy an 
austere curiosity or in search of new elegance, 
applied research is scientific inquiry soiled 
by more earthy considerations. To some 
engineers who apply to themselves the word 
** practical ’’ as denoting the possession of a 
major virtue, applied research is classed with 
pure research as something highbrow they 
can do without. To some business men, 
applied research is something to have some- 
where in the organisation to demonstrate 
modernity and enlightenment. And people 
engaged in applied research are usually so sat- 
isfied in the belief that what they are doing is of 
interest and value that they are not particularly 
concerned about the niceties of definition. 

Truly, the words “applied research” 
are, semantically, inexact. ‘“‘ Pure research ” 
means, reasonably, research which is pure in 
character in the sense that it is research for 
research’s sake: basic research means re- 
search which is basic, that is, fundamental 
in character in the sense of being at the source 
of other less general lines of investigation. 
One might be forgiven for supposing that, 
analogously, “‘ applied research” was re- 
search that was “‘ applied ’ in character and 
that, regrettably, is vague. The idea intended, 
undoubtedly, is that applied research is 
research which has been, will be, might be 
or is intended by someone to be, applied to 
the solution of some problem. Though the 
words do not imply the restriction, we can 
justifiably assume the problem to be a 
practical problem. This is the sense in which 
most engineers would use the words “applied 
research.”” More compactly, we may define 
it as research of which the aim is the achieve- 
ment of some utilitarian objective. 


APPLYING RESEARCH 


(2) A piece of applied research may originate 
in one of a number of different ways, but 
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aim of maintaining a high level of prosperity 
and employment in a severely competitive 
market. In such circumstances, there should 
be no place for the restrictive policies which 
stem from the obsessive fear of unemploy- 
ment. These policies would freeze the pattern 
of the industry and prevent redeployment 
in a changing world. They encourage rigid 
demarcation of jobs, which raises costs and 
slows down production. They obstruct the 
reduction of costs by the introduction of 
labour-saving machinery. The trade union 
leaders are faced with the all-important 
responsibility for removing from the minds 
of the rank and file these manifestations of 
an anxiety which has no longer any rational 
basis. Their efforts will be watched with 
sympathy and hope by all the friends of 
British labour, whether employers or the 
general public, both inside and outside the 
engineering field. 


Research 
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there are three important ways which are 
easily identifiable. First there is an applied 
research developing from a new scientific 
discovery. Secondly, there is an applied 
research developing from a new invention. 
Thirdly, there is an applied research, of the 
kind frequently called ‘* development,” de- 
riving from the desire to have something 
in a particular field of activity better than 
what exists there, the desire to devise a more 
efficient unit for a particular kind of duty 
than the unit doing that duty—perhaps an 
engine of higher thermal efficiency, or a 
chemical process of greater economy or a 
machine tool which works at a faster rate. 
Whether the impulse is of the first, second 
or third kind, or a mixture of them, the same 
elements are likely to occur in the subsequent 
history. Considering the first kind, perhaps 
the discovery is seen as the basis for a new 
machine. The new information is tried in 
laboratory experiments and some of the 
unknowns in the problem of applying it to a 
machine are eliminated; probably un- 
suspected difficulties are met and overcome. 


operational trials—trials under the conditions 
of intended service—are made. Given success 
in all these stages, production—perhaps of g 
quantity of new machines, perhaps of 4 
large new plant, perhaps of some new materia| 
in a conventional plant—begins. 

This orderly progress from a new discove 
or idea to, so to speak, a piece of workin 
hardware, covers the whole range of what js 
very frequently called “* research and develop. 
ment.” I think we can justifiably and 
correctly describe all the activities embraced 
in this pattern up to the end of the operationa| 
trials as applied research. This may be 
wider definition than some engineers are used 
to, but any attempt at a more restricted 
definition leads to serious difficulty in deter. 
mining the boundary between applied 
research and development. The later stages 
of development quite frequently necessitate 
investigations which are unequivocally of a 
character which the most precise would 
class as research (cf. Para 8). The suggestion 
is, therefore, that “applied research” and 
“‘research and development” are synony. 
mous. 

Whilst the components of this pattern are 
generally present in a comprehensive piece 
of research and development, they do not 
often occur in this orderly way. In fact, 
following the third kind of impulse to which 
I referred, they cannot. In such a case, 
perhaps the attempt to design the new thing 
of higher performance will expose ignorance 
which must be eliminated by research or by 
test before a prototype is made. Perhaps 
this investigation, the testing of the prototype, 
or even the operational service of the finished 
article, will expose the need for further and 
possibly still more basic inquiry.t Perhaps the 
increase of performance attempted will prove 
to be such that quite fundamental research 
is required before it can be achieved, so that 
even if all or nearly all of the elements in 
the pattern are present they do not occur 
in the formal order. In other words, in real 
life applied research is frequently not a 
steady step-to-step progress, but an oscillation 
between test bed and laboratory, drawing 
board and workshop. 


How ADVANCES COME 
(3) The development of a new advance in 


Fig. 1—‘“‘ In Somerset in 1848, Stringfellow achieved the first power-driven flight with a large steam-engined 


model.”’ 


Next perhaps on the basis of the facts dis- 
covered a design is sketched out and the data 


needed from an experimental pilot-scale 
or full-scale test are specified. The ex- 
perimental apparatus is designed, made, 
tested, adjusted and modified until a version 
is achieved which works well enough for a 
prototype, be it of a structure or an engine or 
a process, to be made. With the prototype 
the final stages of engineering development 
are begun. This is the refining stage in which 
the detail difficulties are eliminated. Finally, 


The photograph is of a reconstruction of the model in the Science Museum, South Kensington 


engineering from a scientific discovery made 
as a result of pure research is rare, and major 
developments of this kind are very rare. 
But it can be argued that the biggest engineer- 
ing developments of all are necessarily of this 
kind, and that other engineering develop- 
ments are really subdivisions within them. 
Thus the whole electrical industry derives 
from the basic discoveries of such people as 
Volta and Faraday. And, in this century, 


+ Cf. Sir Claude Gibb, “ Report on Investigation imto the 
Failure of Two 100MW_ Turbo-Generators,’’ Inst.Mech.E., 
February, 1955. 
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we are Witnessing the fantastic engineering 
development of nuclear power from the 
fundamental researches of Rutherford and 
his contemporaries. 

Advances made as a result of less funda- 
mental scientific discovery or as the result 
of invention are commoner. This class, of 
course, includes some major Steps forward 
like the jet propulsion engine. 

Sometimes, however, the big advance 
comes in a less definite way which broadly 
illustrates applied research stimulated in the 
third way. For example, it is difficult to 
decide upon any basic discovery leading to 
heavier-than-air flight, though probably the 
biggest single element in the ultimate success 
was the development of a practical internal 
combustion engine. The .idea and the 
possibility had been in men’s minds for 
thousands of years. In Yorkshire, Cayley 
made definitive advances with models in 
the early years of last century with the 
objective of man-carrying machines in his 
mind. In Somerset, in 1848, Stringfellow 
achieved the first power-driven flight with a 
large steam-engined model (Fig. 1). Towards 
the end of the century advances in gliding 
were made by Lilienthal in Germany, Chanute 
in America, and others: Eiffel pioneered 
the techniques of model experiment in 
France: Maxim in England and Ader in 
France built power-driven man-carrying 
machines which achieved only partial success. 
A new century began. Soon came the 
greatest step forward in aeronautical pro- 
gress, the first free flight of a power-driven 
man-carrying machine, achieved by the 
Wright Brothers in December, 1903. The 
Wrights’ success is an illustration on the 
grand scale of applied research deriving from 
the third kind of impulse. Their objective 
was clear. They got the knowledge to achieve 
it by experiments with gliders and motors, 
from the work of others, and by doing 
investigations on models in a small wind 
tunnel. 


AERONAUTICAL RESEARCH 


(4) Indeed, aeronautical progress is a 
story not only of inspiration, enthusiasm, 
courage, skill and engineering, but of applied 
research in all its phases. With the exception 
of nuclear power history it probably exhibits 
applied research and its influence on a 
greater scale than does the development 
of any other branch of engineering. More- 
over, it exhibits applied research deriving 
its stimuli in all the ways I have mentioned 
and in ways which can fairly be described as 
combinations of them. Applied research in 
aeronautics has developed on such a scale 
that no single firm can afford to possess all 
the facilities necessary to find the data it 
needs, and in effect the several parts of a 
given piece of applied research (cf. Para 2) are 
often supplied partly by an aircraft company 
and partly by one of the large national estab- 
lishments which have grown up to serve the 
industry. The most famous of these in Great 
Britain, and unsurpassed in eminence in the 
world, is the Royal Aircraft Establishment 
at Farnborough, Hants, where the apparatus 
of aeronautical applied research is grouped 
in all its complex and expensive majesty. 
Occasionally, perhaps, in one of the less 
frequented back rooms, a young scientist 
is tempted by the sheer attractiveness of a 
problem he has stumbled upon to a little 
pure research of questionable value on the 
side,t but the establishment is in fact geared 
to the aircraft industry in an effort, co- 
ordinated by the Ministry of Supply, to give 
the Royal Air Force the best aeroplanes. 


_tCf. H. Roxbee Cox, “On the Synthesis and Analysis of 
Sie Frameworks,” Proc. Lond. Math. Soc., Ser. 2, Vol. 
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The organised association of the aircraft 
industry and the Governmental aircraft 
applied research organisations, to the chief 
among which must now be added the Royal 
Aircraft Establishment’s rapidly growing 
sister, the National Aeronautical Establish- 
ment near Bedford, is an object lesson in 
technical collaboration. It is clearly essential 
that if applied research is to have the 
maximum of application, and if its con- 
duct is to be in the most useful directions, 
the expected beneficiaries from it must 
collaborate together and with the applied 
researchers. 


SHARING RESEARCH KNOWLEDGE 


(5) Broadly, this need for an industry to 
share a common source of applied research is 
growing. The need varies from industry to 
industry. In the air- . 
craft field the sheer 
magnitude and cost of 
the means of research 
lead inevitably toa high 
degree of centralisa- 
tion and sharing. In 
other sections of the 
engineering industry 
firms can be more 
nearly self-contained, 
but the growing com- 
plication of the ap- 
paratus necessary for 
extending knowledge 
usually leads to a 
collaborative effort, 
frequently repre- 
sented by a Research 
Association to the 
financing of which 
the Department of 
Scientific and Indu- 
strial Research makes 
a contribution. The 
essential for success is 
genuine technical and 
scientific collaboration 
without reservations. 
It would be idle to 
deny that in some 
industries commercial 
rivalry—a wholly desirable stimulus to pro- 
gress—leads to technical seerecy and thereby 
to frustration of the efforts of, and diminu- 
tion of the benefits from, the research associa- 
tion. An interesting comment on this real 
problem is provided by a body called the 
Gas Turbine Collaboration Committee. It 
was formed in 1941 with the intention of 
ensuring that the development of the new 
gas turbine engine for aircraft should be 
prosecuted with the maximum efficiency. 
All the firms concerned, together with the 
relevant Government research organisations, 
were represented and the declared objectives 
were the sharing of facilities, reciprocal aid, 
and the open discussion of current scientific 
and engineering problems in the aircraft gas 
turbine field. Firms shared their successes 
and failures, and meetings were held in turn 
in the factories of the firms represented. It 
was commonly felt that with the end of 
hostilities the Committee would fade away, 
but it continues to-day and appears to have 
become an institution. The general feeling 
now is that there is nothing to be lost and 
much to be gained by the sharing of scientific 
and technical knowledge and by combining 
forces to liquidate problems, most of which 
have features common to all members. 
Commercial competition is unimpaired : 
the effect is to raise the baseline from which 
competitors start to a higher level than 
would have been possible without the pooling 
of effort. 


tool.”’ 
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DEVELOPMENT OF AXIAL COMPRESSOR GAS 
TURBINE 


(6) The recent history of the gas turbine 
provides illustrations of many other interest- 
ing facets of applied research. Not only 
does it provide illustrations of the kinds 
described earlier (cf. Para 2) and combinations 
of them ; it provides within the particular 
limits of the second kind a most interesting 
illustration of two different routes from an 
idea to a practical piece of hardware. These 
two routes roughly correspond to the early 
development in this country of the axial 
compressor gas turbine for aircraft and the 
centrifugal compressor gas turbine for air- 
craft. 

It was in 1926 that A. A. Griffith produced 
at the Royal Aircraft Establishment an aero- 
dynamic theory of turbine design based upon 





Fig. 2—‘‘ The small wind tunnel for testing groups or cascades of stationary 
blades has since been developed and widely used as an experimental and design 


: The photograph is of a small cascade tunnel at the National Gas 
Turbine Establishment. The air travels through the blades into the exhaust 
duct, the curved rim of which is seen on the left 


flow past aerofoils as distinct from flow 
through passages. As a result two sets of 
experiments were put in hand in the following 
year. One of these investigations produced 
the first Royal Aircraft Establishment tests 
on cascades of aerofoils representing com- 
pressor and turbine blading. The small wind 
tunnel for testing groups or cascades of 
stationary blades has since been developed 
and widely used as an experimental and 
design tool (Fig. 2). 

The second set of experiments was done 
with a special test rig which consisted essen- 
tially of a single-stage turbine and a single- 
stage axial compressor mounted on the same 
shaft. This rotor was driven by sucking air 
through the casing past the turbine stators, 
turbine blades, compressor blades and com- 
pressor stators, in that order. The blading 
had been designed on the basis of Griffith’s 
theory and the tests which began in January, 
1929, were extremely encouraging as an 
overall efficiency of nearly 91 per cent was 
obtained. 

In November of that year Griffith dis- 
cussed in an official paper the prospects of an 
aircraft power plant consisting of an internal 
combustion turbine driving an airscrew. He 
concluded that it weuld be lighter, more com- 
pact and more efficient than the piston 
engines projected at the time. The scheme 


boldly proposed a compressor with alternate 
blade rows rotating in opposite directions. 
Whilst the Aeronautical Research Committee 
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did not advocate the construction of this 
engine, they did recommend to the Air 
Ministry in April, 1930, that the Griffith 
turbo-compressor be tried on a test rig and 
that experiments on fuel combustion should 


Fig. 3—‘‘ This engine was a remarkable venture.’’ The first Whittle engine 
reconstruction 


in 1938 after its second 


be begun. Regrettably, for reasons which at 
this distance of time are difficult to assess, 
the programme proposed did not begin, and 
there was an interregnum of about six 
years. Then interest in axial compressors 
revived, and in July, 1936, the Royal Aircraft 
Establishment obtained authority to build an 
axial-flow compressor. This modest device, of 
only 6in diameter over the blading, was tried 
early in 1938, and although it almost imme- 
diately failed through a mechanical defect 
unconnected with its novelty, it was recon- 
structed, and quite promising results were 
achieved in October, 1938. Compressor 
testing was continued using later compressors 
built by firms in collaboration with the 
Establishment, whose scientists provided the 
aerodynamic basis. In this way a body of 
aerodynamic design information of the 
greatest value was built up. 

Meanwhile, an ambitious plan demanding 
this knowledge was in hand. Early in 1937 
H. Constant, of the Royal Aircraft Estab- 
lishment, had reverted in a paper to the 
possibilities of the internal combustion tur- 
bine as an aircraft power plant and as a 
result of the discussion of this paper by the 
Aeronautical Research Committee in March, 
1937, a design study began in the drawing 
office at the Royal Aircraft Establishment. 
The Establishment entered into collaboration 
with Metropolitan-Vickers, and the result 
was a decision to design an experimental 
plant consisting of a low pressure axial 
compressor driven by a low pressure turbine 
in series with a high pressure axial compressor 
driven by a high pressure turbine and with a 
separate power turbine driving the airscrew. 
With this as the target it was decided to 
make the high pressure rotor. The nine- 
stage axial compressor ran in December, 
1939, the four-stage turbine in May, 1940, 
and the complete rotor in October, 1940. 
This, the first large axial compressor to be 
tested in England, had an excellent per- 
formance. Meanwhile, further study and 
the results of the earlier compressor experi- 
ments had led to changes in ideas about the 
layout of the plant and after a series of design 
studies a 2000 h.p. scheme in which the air 
flowed without bends through a single com- 
pressor, an annular combustion chamber, the 


compressor turbine, and a power turbine, was 
produced. 

By this time, however, the potentialities of 
the gas turbine as applied to jet propulsion 
were being demonstrated by Whittle (cf. Para 
7) and the clear desira- 
bility of using axial 
compressors as_ well 
as the centrifugal 
compressors used by 
Whittle to the same 
end was manifest. 
Consequently, with the 
information available 
from the work I have 
mentioned, the design 
of an axial compressor 
jet propulsion gas tur- 
bine was put in hand 
and the design work 
on the airscrew gas 
turbine was dropped. 
It was by this route 
of design study and the 
methodical accumu- 
lation of experimental 
information that the 
first axial compressor 
gas turbine for air- 
craft, a jet propul- 
sion engine known as 
* F.2,” was designed 
and built by _ the 
Metropolitan-Vickers Electrical Company 
Ltd. It first ran on the test bed in 1941. 


DEVELOPMENT OF CENTRIFUGAL COMPRESSOR 
Gas TURBINE 


(7) The early work of Whittle provides an 
interesting contrast in method. While he 
was still a cadet at 
the Royal Air Force 
College he described in 
a thesis in 1928 the 
possibilities of jet pro- 
pulsion and of gas 
turbines for aircraft. 
Eighteen months later 
he conceived the idea 
of using the gas turbine 
for jet propulsion, and 
it is this association 
of the gas turbine and 
jet propulsion which 
constitutes the major 
novelty in his work. 


This machine was designed to have a Single- 
stage centrifugal compressor, of pressure ratio 
4:1, driven by a single-stage turbine. There 
was a single combustion chamber between the 
compressor and the turbine. This engine 
was a remarkable venture (Fig. 3). Apart 
from the high compression, the combustion 
intensity necessary for success was beyond 
previous experience. While the engine was 
being designed and made, combustion exper- 
ments were done with apparatus supplied by 
Laidlaw, Drew and Co. Ltd., and when enough 
information was thought to have been 
obtained, the same company was given the 
contract for the design and manufacture of 
the combustion chamber. 

The tests on the complete engine began in 
April, 1937, and continued for four months, 
This was an amazing achievement. The 
tests showed that the compressor perfor- 
mance was below expectations, and that the 
combustion problem was only partly solved, 
Consequently, a major reconstruction was 
put in hand by the British Thomson-Houston 
Company for Power Jets, Ltd. Enough had 
been done, however, to arouse the interest 
of the Air Ministry, which placed contracts 
with the company for a report on the tests 
and for further experiments. During the 
reconstruction of the engine further com- 
bustion experiments were done, and the 
lessons were embodied in the machine. It 
ran again in April, 1938, and testing con- 
tinued intermittently until a complete failure 
caused considerable damage early in May. 
The combustion was still unsatisfactory. 

Further combustion testing, and another 
reconstruction, this time under Governmental 
contract, were put in hand, and the third 
version of the unit was on the test bed at the 
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His first patent em- 
bodying this idea was 
dated January, 1930. 
For a long time 
thereafter he failed to 
obtain any interest in 
his ideas either from 
the Air Ministry or 
from the British engin- 
eering industry, but in 
1935 two former Royal 
Air Force officers, 
invalided out of their 
Service, R. D. Williams 
and J. C. B. Tinling, 
began to work with 


Per Cent of Gas in Product 





CO (max.) — 


—~ 








ae. 





Whittle and succeeded 940 
in interesting a firm 
of investment bankers. 
The outcome was a 
small company which, 
in 1936, placed an 
order for manufactur- 
ing most of the parts of 
a jet propulsion gas 
turbine engine to Whit- 
tle’s design with the 
British Thomson- 
Houston Co. Ltd. 
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Fig. 4—“‘ Sir Alfred Egerton and his associates found that very weak mix- 
tures (e.g. + per cent, $ per cent and 1 per cent) of methane in air needed 
preheating to temperatures approaching 1000 deg. Cent. for spontaneous 
combustion and, additionally, brought to light many remarkable new facts 
about combustion behaviour in this hitherto neglected range of mixture 
This diagram, reproduced with permission from the Proceed- 
ings of the Royal Society, A, Vol. 227, page 77, describes the combustion 
of methane/air mixtures containing (a) 4 per cent, (b) 1 per cent, (c) 3 per 
cent, and (d) 5 per cent of methane. 
about 30 milliseconds. 
until the combustion of the methane is practically complete. 
rather unexpectedly, the weaker mixtures do not demand reaction tem- 
peratures as high as the stronger mixtures 


average reaction time was 
Note that the combustion of the CO is inhibited 
Moreover, 
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end of October, 1938. This remarkable 
machine continued as a test vehicle until 
February, 1941, when its career came to an 
end through turbine failure. 

Long before this, however, in the summer 
of 1939, the Air Ministry had concluded that 
Whittle had in essence a practical aircraft 
engine. It therefore commissioned Power 
Jets, Ltd., to supply an engine for flight 
test, and the Gloster Aircraft Company to 
provide the airframe. The resulting aircraft 
was known as ‘‘E.28/39.” The engine for it, 
known as “ W.1,” was designed by Whittle 
and the engineers of the British Thomson- 
Houston Company, Ltd. It went through a 
95-hour bench test to clear it for flight, and on 
May 15, 1941, the aircraft made its first 
real flight when it was airborne for seventeen 
minutes. It had been decided that ten hours’ 
flying was enough to expect from this first 
engine. In fact ten hours and twenty-eight 
minutes were done without incident, the 
flight programme being completed on May 
8th with the seventeenth flight. 

In this amazing piece of research and 
development a man of genius went straight 
to the answer, found his errors and corrected 
them in a second trial. Proceeding in this 
way a new form of power plant was brought 
to fruition in an amazingly short time. 
Perhaps if Whittle had had more facilities 
for component testing he might have pro- 
ceeded differently. It is probable that he 
would not have done so well. Some of the 
best art comes from garrets, some of the best 
wines from meagre soils. Some kinds of 
genius are best stimulated on a shoe-string. 


LATER GAS TURBINE RESEARCHES 


(8) The subsequent history of the aircraft 
gas turbine provides illustrations of many 
varieties of applied research. The problems 
which subsequently developed in the struc- 
tural design of turbine blades stimulated 
researches of quite basic character, and have 
provided some attractive essays in vibration 
theory.§ 

Applications of the gas turbine in the 
industrial field, which received a tremendous 
stimulus from the success obtained in the 
aircraft field, brought their own series of 
applied researches, some of which were 
quite unexpected in their character, and a 
few of which were of a very fundamental 
kind. When C. H. Secord first suggested 
that gas turbines might run on the very 
weak mixture of methane in air which 
comes up the ventilating shafts of mines 
it was necessary to examine the speculation 
in the laboratory as well as in a piece of 
experimental machinery. Sir Alfred Egerton 
and his associates found that very weak 
mixtures (e.g. $, 4 and | per cent) of methane 
in air needed preheating to temperatures 
approaching 1000 deg. Cent. for spontaneous 
combustion and, additionally, brought to 
light many remarkable new facts about 
combustion behaviour in this hitherto neglect- 
ed range of mixture strengths (Fig. 4). 


CONCLUSION 

(9) Finally, in case this article is read by 
people who are unfamiliar with engineering 
science and technology, it should be said, 
first, that an engineering organisation which 
has inadequate facilities for applied research, 
and no means of getting applied research done 
elsewhere, must surely die ; secondly, that 
applied research effort is by no means always 
successful. How one assesses its success is 
difficult to decide, but certainly no one should 
be disappointed if half of the drives towards 
a selected set of targets fail. Even if they 
do it is highly improbable that the work done 


E.g., B. Grinsted, ‘‘ Nodal Pattern Analysis,’’ Proc. Inst. 





$ E. 
Mech, Eng. (A), 1952, Vol. 166, No. 3, pages 309-321. 
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has been wasted. There is in all research 
an element of serendipity. Sometimes the 
information sought in aid of one project 
provides a line of attack on another. Some- 
times the destination arrived at is one which 
was not visualised at the beginning of the 
journey. It is, to some of us who worked 
for several years on the design and construc- 
tion of the last British airships R100 and 
R101, a consolation to remember that 
whilst the object of our endeavour, an all 
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red airship route across the world, was never 
achieved, and although the great airships 
are no more than great sad ghosts, yet the 
advances made in structural design and com- 
putation as a result of the endeavour have had 
an influence on the development of structures 
which has been wholly beneficial. So though 
applied research is research of which the aim 
is the achievement of some utilitarian 
objective it does not necessarily follow that 
the objective achieved is the one we aim at. 


The Influence of War 


By SIR WILLIAM STANIER, D.Sc., F.R.S., Hon.M.I.Mech.E.* 


AR has had a large influence upon the 

development of the science and practice 
of engineering. But to decide whether that 
influence has been, on balance, good or bad 
is difficult. It can be observed acting far 
back into the past. A major incentive, for 
example, towards the improvement of metal- 
lurgical skill must have been the constant 
demand for more effective swords, spearheads 
and the like, and just as to-day we seek 
tougher and lighter armour for tanks, so 
in the past smiths and craftsmen sought to 
produce lighter and stronger suits of armour 
for the mounted knights. Archimedes and 
Leonardo da Vinci, and many other thinkers, 
not to speak of practical millwrights, learnt 
much of mechanisms through the making 
of engines of war. Gunpowder, as its very 
name suggests, found an early use in war. 
War at sea, no doubt, gave encouragement 
to shipwrights to learn more about the lines 
of hulls and the set of sails in their search 
for higher speeds and the ability to sail 
close to the wind. And so on. 

But never before the present century opened 
has war exerted so great an influence upon 
the advancement of engineering as it has 
since. Both world wars proved immensely 
stimulating. The effect of both was to pro- 
vide an incentive towards the development 
of production processes and the discovery 
of improved materials and new devices. 
But the character of the influence was not 
quite the same during both wars. Between 
1914 and 1918 all belligerents found them- 
selves suddenly faced with an urgent need 
to produce a relatively restricted variety of 
munitions of war in absolutely unprecedented 
amounts. Between 1939 and 1945 there 
was a similar demand, but this time it was 
anticipated. In addition, however, enormous 
demands were created for the application of 
science. Never before in the history of the 
world had nations at war found themselves 
so heavily dependent upon the services of 
those with scientific knowledge and those 
with the engineering ability to apply it. 


THE First WoRLD WAR 


Prior to the 1914 war, most engineering 
works had equipped themselves to make 
the best use of high-speed steel tools, but 
most manufacturing processes were still 
dependent on the skill of the craftsmen 
employed. It is true that considerable use 
was made of the Whitworth plug and ring 
gauge, but except for a few establishments 
little use was made of limit gauges. The 
tolerance required for running and press fits 
was dependent on the skill and knowledge 
of the mechanic. Indeed, at that time high- 
precision grinding machines, with suitable 
grinding wheels, had only just come into 
use, and a full appreciation of their value 
was limited very largely to the motor industry, 


* Consultant ; Chairman, Power Jets (Research and Develop- 
ment) Ltd.; Chairman, Industrial Gas Turbine Committee, 
Ministry of Supply. 





and particularly to the example set by Henry 
Ford in America in producing interchange- 
able parts. But there had been, for a long 
time, a system of gauging in ordnance 
factories so that spares could be manufactured 
and fitted without too much difficulty. The 
1914 war necessitated the production, by 
industry at large, of large quantities of 
munitions with the need for interchangeability 
without the requirement of skilled fitting. 
This need brought forcibly home to the 
engineering industry of this country the 
value of go and not-go gauges with an agreed 
limit and tolerances for the various fits 
required. 

To meet the requirements of the large 
quantities of ordnance and munitions, the 
whole of the engineering industry of the 
country had to be mobilised, and in the early 
years gauges manufactured by railway shops 
and other engineering establishments quite 
unfamiliar with ordnance, were sent to 
Woolwich for checking. The amount of 
work grew to such an extent that a good deal 
of it was transferred to the National Physical 
Laboratories at Teddington. A large number 
of 2in fuse hole screw gauges were being 
made in railway workshops, and although 
when sent to Woolwich they had passed the 
check gauges, when they were sent to the 
N.P.L. at Teddington it was found that the 
gauges did not pass because the thread angle 
instead of being 55 deg. was 7 min sharp. 
The following incident is remembered. When 
the 2in gauges were rejected by the N.P.L. 
my tool room foreman and I went to Tedding- 
ton to see what was wrong, and we found 
that they actually measured the various 
features of the gauge, including the thread 
angle. Particulars were taken of the means 
they used so that similar apparatus could 
be made in the tool room at Swindon, so 
that the work could be properly checked. 
As we came away from Teddington, my tool 
room foreman said to me, ‘‘ We used to 
think in thousandths and were very proud 
of ourselves, now we think in tens of 
thousandths, but by g-d, we don’t boast 
about it.” 

There is no doubt that this tremendous 
influx of war work developed an appreciation 
in the engineering industry of knowledge 
of the means of working to limits and fits, 
with tolerances suitable for the job in hand, 
much more rapidly than could have taken 
place in the ordinary way. This feature, in 
turn, was an important incentive to the ma- 
chine tool industry to produce tools of all 
kinds from which work could be obtained 
to close limits, and this was particularly 
true in the grinding machine tool industry 
and the grinding wheel manufacturing in- 
dustry. During this time the British Stan- 
dards Institute had set up a very representa- 
tive committee to consider the possibility 
of introducing a specification for limits and 
fits and tolerances, and in B.S.I. 164(1924) the 
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first edition was published, and from its 
inception there has been an increasing use 
made of the principles set out in this specifi- 
cation. In this connection the country owes 
a great debt of gratitude to the work done 
by the Department of Metrology of the 
N.P.L. and to the late Mr. J. E. Sears and 
Mr. Rolt, who took such an active part in 
the work. 

During this period a great deal of experi- 
mental work was done in developing tools 
made from tungsten carbide material which 
were practically diamond hard and which 
necessitated an entirely new approach to 
machine problems. High speeds and light 
feeds revolutionised turning and milling 
operations and necessitated a review of the 
design of the machine tools used for these 
processes. The motor-car industry led the 
field in applying these new techniques and 
undoubtedly paved the way in the engineer- 
ing industry, which enabled them to meet 
the requirements of munition manufacture 
for war purposes immediately preceding the 
1939 war. 

The second world war again accelerated 
the introduction of new processes and new 
materials, which have had an enormous 
influence in the development of engineering 
knowledge and practice. The growth of 
modern machine tools and the machines 
that have been developed for producing 
super finishes have practically eliminated 
hand work in the ordinary production opera- 
tions, but at the same time it has made a 
greater demand on high technical qualifica- 
tions on the part of the craftsmen producing 
the plant and equipment to carry out the 
processes. 

The latest development of these lines— 
what is called ‘‘ automation with the develop- 
ment of electronic control to servo mechan- 
isms ”—undoubtedly owes much to the 
incentive to high productivity created by war 
conditions. 


THE SECOND WorRLD WAR 


Whereas the primary consequence of the 
first world war was to interest the engineer- 
ing industries in new methods of production, 
that of the second was to reveal to industry 
what resources were available to it through 
a greater use of scientific knowledge and a 
greater appreciation of scientific method. 
The outstanding example of the influence 
of war upon engineering advancement is 
provided, of course, by the story of the 
development of the atom bomb and of nuclear 
power. Both sides in the conflict perceived 
just before the war began that the making of 
an atom bomb should be possible ; and both 
sides expended enormous sums of money 
and enormous effort in bringing scientists 
and engineers together to discover how such 
a weapon might be made. But the history 
of the war is studded with examples of 
devices developed during the war by bringing 
together teams of scientists and engineers 


to work together upon research and develop- 
ment. Radar, discovered before the war, 
was greatly improved during it; much 
improved flame-throwers were devised ; under- 
sea warfare made demands for new know- 
ledge about breathing apparatus ; the im- 
provement of certain plastics was hustled 
forward ; and much research effort was put 
into the creation of jet aero-engines and 
means of rocket-propulsion. All that work, 
and much else besides, made industry much 
more conscious than it had been before the 
war of the value of research. It made the 
Services more conscious of it, too; and it is 
probable that to-day, in peacetime, far more 
money is expended on Service researches than 
in all other fields combined. Since the war, 
it has been very noticeable how research 
bodies of various kinds and particularly 
the research associations supported by in- 
dustry have found themselves much more 
adequately supported; and many firms 
have greatly expanded their research depart- 
ments. 

As an example, the work done by Sir 
Frank Whittle and his team in connection 
with the application of the laws of aero- 
dynamics and thermodynamics, in which he 
had made so much progress at the University 
in developing the gas turbine, is outstanding. 
The gas turbine was made possible by the 
progress of metallurgists in providing 
material that would stand high temperatures; 
and by the progress made in machine tools 
and processes for finishing which enabled 
modern constructional techniques to provide 
a satisfactory answer. This work was made 
possible because Sir Frank Whittle collected 
a team of enthusiasts who worked with him 
in all stages of the development of his gas 
turbine and this work has led to a tremendous 
increase in the application of gas turbines, 
not only on the air side, but for industrial 
purposes as well. 

This multiplied interest in research has 
naturally created a demand for much larger 
numbers than ever before trained to the 
highest university standards ;_ but it is a 
demand which, on the whole, the universities 
have succeeded in meeting. What is less 
well appreciated, however, is that there has 
been created an even bigger demand for 
engineers capable of turning to practical 
and commercial use the many discoveries 
being made by research workers. The 
demands made upon ingenuity and engineer- 
ing sense are very high ; and the cost often 
much higher than that of the originating 
research. In this field there is already a 
serious shortage of competent men. More- 
over, the shortage extends all down the line. 
There is a shortage of technicians ; and a 
shortage of the better trained and more 
intelligent mechanics that much modern 
machinery demands for its maintenance. 

There is an urgent need in this country for 
facilities to be provided so that an increasing 
number, not only of scientists, but of scien- 
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tific engineers and physicists can be trained. 
It must not be overlooked that this wij 
require a greater number of works engineers 
and mechanics properly trained to interpret 
the new ideas and to translate them into actual 
hardware. 

It seems that the future of engineering 
industry will call for many more of these 
highly trained men if we are to hold our own 
in the progress of the world. 


THE Desir SIDE OF THE ACCOUNT 


The foregoing may suggest that the 
influence of war on the advancement of 
engineering is wholly beneficial. But it 
should be noted that though war stimulates 
advances it does so only in restricted fields, 
In other fields advance is brought almost to 
a halt not merely “for the duration” but 
for long afterwards. The roads and railways 
of this country have not yet, ten years after 
the war, recovered from the neglect they 
suffered during the conflict. Shortage of 
electric power after the war made it necessary 
for years to standardise on very conservative 
practice in power house machinery in the 
interests of adding as rapidly as possible to 
output capacity. The persistent post-war 
shortage of coal is traceable in part to the 
impossibility under war conditions of modern- 
ising the mines, together with the post-war 
need to economise nationally in capital 
expenditure. A major post-war effort was 
necessary to bring the iron and steel indus- 
try’s equipment up to date. Above all, 
during the war, the thoughts of many 
brilliant men had to be turned away from 
the creation of things beneficial to the human 
race and concentrated upon devising new 
means of destruction or new means of 
averting an enemy’s destructive intentions. 
The stories about how new weapons were 
devised, how the secrets of the operation of 
the enemies’ sea mines and delayed action 
bombs were discovered, how pipe-lines were 
laid under the Channel by utilising the 
techniques of cable manufacture and many 
others, are very remarkable examples of the 
application of science, intelligence and tech- 
nical ability to the solution of unfamiliar 
problems. The work done was magnificent. 
Without it this country could not have 
survived until victory was reached. But 
little was learnt from much of that activity 
which can be applied in peace, certainly not 
nearly as much as could have been learnt 
had all the brains and insight been applied 
to the advancement and construction of 
peaceful appliances. 

In short, the influence of war upon 
engineering advancement is to distort rather 
than to further it. The benefit, so very 
apparent in certain fields, is, in this writer’s 
opinion, more than over-balanced by the 
setbacks suffered in other fields and the 
wastage of talent inherent in the design of 
destructive instead of constructive things. 
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INFLUENCES ON ENGINEERING ADVANCEMENT 1856—1956 


Part II1I—The Influence of Engineering Discoveries 


A HUNDRED years ago a trained engineer felt himself equipped to make contributions to engin- 
eering advance in almost any engineering field. Tunnelling, railway construction, the building 
of ships and the construction of lighthouses came alike, for example, to Brunel. The need for 
a marked division between civil and mechanical engineering was only just beginning to be felt 
(The Institution of Civil Engineers was founded in 1818, The Institution of Mechanical Engin- 
eers in 1847), electrical engineering had barely begun, though telegraphy had, and chemical 
engineers, aeronautical engineers, still less nuclear engineers had not been heard of. To-day 
it is very different. Now, in engineering “ there are many mansions.” So far have the bounds 
of engineering discovery been pressed outwards that a specialist in any one field may be not 
merely unaware of what goes on elsewhere but barely able to understand the jargon of another 
specialist. Yet it is very apparent to the Editor of this journal that the essential unity of engin- 
eering still exists. In no specialist field are advances made, as it were, in vacuo. Workers in 
each field, consciously or unconsciously, have borrowed ideas and equipment from other fields 
and in return conveyed ideas or suggested equipment for others. An advance made in one field 
may trigger off advances who knows where ? In this Part a number of authors, under broadly 
embracing titles, discuss how work done in the fields thus assigned to them has influenced, 
or has been influenced by, work carried out elsewhere. 
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Iron and Steel 


By W. F. CARTWRIGHT, D.L., M.I.Mech.E.* 


RON and steel manufacture has stimulated 

the development of many fields of engineer- 
ing throughout its history. Some great 
examples such as the huge reciprocating 
blowing and mill engines, are now things 
of the past, but in their day they were among 
the most powerful machines in use. To-day, 
the industry still requires larger and more 
robust machinery than almost any other, but, 
whereas thirty years ago steel works engineer- 
ing was already on a large scale, and, above 
all, robust, it was not precise. To-day, 
much of it demands as high a degree of 
accuracy as is used in lighter industry. 
There has recently been a most noticeable 
improvement in the standards of engineering 
design and maintenance and a willingness 
to adopt ideas from other industries. Three 
examples of development have been chosen. 


HYDRAULIC ENGINEERING 


Before electric motors were used in the 
industry, steam was the main form of motive 
power. But for many motions, such as 
driving capstans, operating blast-furnace 
bells and tilting converters, hydraulic power 
was used. Usually, this was drawn from a 
central system consisting of deadweight 
accumulators and reciprocating steam pumps. 
Control valves were of leather and the main- 
tenance engineer’s life was made a nightmare 
by frozen pipes, blown joints and pressure 
drop caused by the addition of plant to a 
pipe system already fully loaded. The intro- 
duction of electric pumps, usually of centri- 
fugal type, served to emphasise the inefficiency 
of this system, for it was often seen that the 
cost of pumping power was twice that which 
would be required with a more direct system 
such as electro-mechanical. For a while, 
there was a tendency to install electro- 
mechanical drives, or pneumatic operation, 
wherever possible, instead of hydraulic. 
Examples are electric winches or pneumatic 
cylinders instead of hydraulic operation for 
blast-furnace bells ; rack and pinion drives 
instead of hydraulic cylinders for furnace 
pushers, and geared link motion drives for 
bloom shears instead of steam hydraulic 
intensifiers. But hydraulic engineering has 
made rapid strides in recent years and it is 
being applied in the iron and steel industry 


operating medium. To-day, hydraulic fluid 
is used for the sake of improved maintenance. 
But leakage of this fluid is proving very 
difficult to avoid, particularly in confined 
spaces. Not only is this expensive, but it is 
also extremely dangerous. Serious fires 
have occurred due to burst pipes on bloom 
shears and due to the ignition of a pool of 
leakage from a piece of falling hot steel. 
While obviously the avoidance of leakage 
by better design and maintenance is the 
ultimate goal, the production of a cheap, 
non-inflammable hydraulic fluid is very 
desirable. 

The selection of the correct pressure 
for each job is very important and the 
correct pump type for each pressure and 
quantity. Generally speaking, the pressure 
of a works system of about thirty years ago 
was 750 Ib per square inch ; to-day, pressures 
up to 7000 lb per square inch are in use. 
With higher pressures, pipe diameters, control 
valves and cylinder diameters become smaller 
and this assists in good design. 

For high pressures of over 5000 Ib per 
square inch, there is still no real alternative 
to the three-throw ram type of pump. The 
disadvantages of this type are the space it 
takes, the difficulty of designing valves which 
do not wear into their seats and their slow 
speed. The multi-ram type, which is not 
usually made for pressures over 5000 lb per 
square inch, or capacities over 20 g.p.m., is 
proving most satisfactory and they can be 
installed in batteries. Their advantages are 
quite high speed and small space requirement. 
However, they do demand a very high degree 
of cleanliness in the fluid and the problem of 
valve design has not yet been solved satis- 
factorily. Radial piston, swash plate and 
vane pumps are all being used now by the 
industry. For variable volume applications 
the swash plate pump has much to recom- 
mend it. For isolated applications, such as a 
wagon tippler, the vane type is most satis- 
factory and cheap in operation and first cost. 
It operates at about 1000 Ib per square inch, 
with unloading valves and no accumulator. 

But in a steel works designed as a whole, 
it is doubtful whether there is any real reason 
for employing the multiplicity of pressures, 
pump types and separate systems now found. 





but there seems no reason why this should be 
so. The grouping of all operations in 
given area on to one system has proved advan. 
tageous, enabling fewer units to be used, 
But for maintenance purposes, it is wise to 
separate different processes to allow each to 
be overhauled in turn. 

Leather control valves have passed 
away unlamented and their place has 
been taken by either poppet or lapped 
piston types. The problem of how best 
to actuate the valves remains in dispute, 
In practice, hydraulic pilot valves have 
proved unsatisfactory and either direc 
operation with a large lever or solenoid 
operation have proved the best, although 
pneumatic pilot valves are also used. Some 
of the difficulties which have arisen with 
control valves have been caused by bad 
choice of pipe attachment and by fitting the 
valves into too small desks. In designing 
hydraulic control desks, it is essential to have 
robust pipe connections and easy access to 
them—this is not usually compatible with 
a neat and tidy desk. 

The thrusts involved in iron and steel 
works operations are perhaps larger than in 
other industries, and it is therefore necessary 
to emphasise the importance of robusi 
equipment. This particularly applies to 
piping. If flexible hose must be used high 
pressures and small diameters are better 
than low pressures and large diameters. A 
l4in flexible hose will burst at 3500 lb per 
square inch, a lin at 6000lb per square 
inch, and a tin at 17,000lb per square 
inch. If flexible hose must be used, it must 
be very carefully draped. Many commercial 
pipe fittings are quite unsuitable for steel 
works use. The best type is one in which a 
flange suitably proportioned to the thickness 
of the pipe is screwed on to a taper thread 
and pulled on to a copper joint ring with 
four flange bolts. Ring type fittings require 
an accuracy of pipe diameter and surface 
which is not always available, but their main 
drawback is the precision with which they 
have to be fitted, very often in an inaccessible 
position. Nor can they withstand vibration. 

It seems quite likely that with better appre- 
ciation of the engineering principles and 
problems involved there will be an extension 
of the use of hydraulics in the industry for 
intermittently used straight line motions. 
Often the use of a high-pressure hydraulic 
system can reduce both weight and complica- 
tion. Fig. 1 shows the electro-mechanical 
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Fig. 1—Arrangement of finger lifting mechanism, rack type manipulator. 45in by 115in slabbing mill 


to a greater extent than ever before. It is 
being used in coke-oven machinery, in scrap 
bundling presses, for special cranes and very 
extensively in mills. 

In days gone by, water, with occasionally 
the addition of soluble oil, was the universal 
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There does not seem to be any justification 
for the perpetuation of the deadweight 
accumulator. In the future, accumulation 
and shock absorption should be by a com- 
bination of air accumulators, Greer bottles 
and, for isolated applications, unloading 
valves. At one time, it was feared that air 
accumulators were unsuitable for roll balance, 


device used to turn over two 15-ton ingots 
when they are between the manipulators of a 
slabbing mill. This device weighs 25 tons 
and requires a 150 h.p. motor to drive it. 
Due to mal-operation, occasional overloads 
occur, fracturing a shear pin, an unreliable 
method of preventing disaster. Fig. 2 shows 
the hydraulic actuator to be fitted in substi- 
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tution. The weight is 3 tons and the horse- 
power of the pump 35. Overloads cannot 
occur, aS the mechanism will merely stall. 
It is this ability to stall which is so simply 
achieved hydraulically. But a further advan- 
tage is that full power is instantly available, 
whereas in the case of the electro-mechanical 
system the motor has not time to develop its 
full horsepower before the current is switched 
off. In fact, in the case illustrated the current 
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become of value. Every operator now strives 
to clean all his gas to about 0-001 grains per 
cubic foot, so that it can be used for such 
purposes as heating coke ovens and gas 
engines, soon perhaps in gas turbines, and 
also to recover the maximum quantity of 
flue dust in the form of dry dust and the 
remainder in a filter cake which can be used 
in the sinter mixture. 

Even in early furnaces the furnace offtake 
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is switched off at the moment when the motor 
has completed nine revolutions. 


CLEANING OF BLAST-FURNACE GAS 


In the early days of iron making all the 
blast-furnace gas was wasted. But as over 
50 per cent of the heat put into the furnace in 
the form of coke was lost in this way it 
quickly became obvious that it was desirable 
to trap and burn it. But as soon as this 
was done the need for cleaning the gas became 
apparent. For to use the gas efficiently in 
stoves, boilers or elsewhere was impossible 
as long as the heating surfaces became 
quickly coated with an insulating layer of 
flue dust. The development of blast-furnace 
gas cleaning plant has been an interesting 
one and has done much to assist other 
industries which have now become involved 
in similar problems, though not usually with 
the financial incentive there has been to 
clean blast-furnace gas. Actually the incen- 
tive was greater when blast furnaces were not 
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Fig. 2—Arrangement of jack operated finger lift 


pipe entered a simple box type dust catcher, 
the drop in velocity causing the deposition 
of the heavier dust. This idea persists 
to-day. From this box the gas nowadays 
enters a cyclone catcher, tall and thin. 
These were introduced about twenty-five 
years ago. About 70 per cent of the dust 
leaving the furnace top will be recovered by 
these two catchers in dry form, aithough very 
often it is pugged with a little water io make it 
easier to handle. But although simple, the 
primary dust catcher is by no means free 
from trouble. The gas, being very full of 
water vapour, only has to cool a little for 
dampness to appear and the catcher walls 
to build up. In a few furnaces this primary 
box type catcher followed by a cyclone 
catcher has been replaced by two cyclone 
catchers, in parallel, which would seem 
a more logical design and less likely to suffer 
from build up. The gas leaving the secondary 
dust catcher or cyclone usually contains 
from 3 to 4 grains per cubic foot of dust. 
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drawbacks to this system. The fine mesh 
of the bags causes a big back pressure, the 
bags are liable to catch fire at any tempera- 
ture above 100 deg. Cent.—particularly are 
they vulnerable if any pyrophoric zinc is 
present, which is common in blast furnace 
dust—and they are very sensitive to any 
moisture. Usually the gas is cooled first in 
water cooled heat exchangers, similar to 
economisers, and then reheated either by 
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SCHEMATIC ARRGT. OF HYDRAULIC SYSTEM. 


steam pipes or by burning air in the gas in 
order to ensure there shall be no moisture 
present on the bags. This is still the only 
workable system which recovers all the dust 
in a dry state. 

Rotary disintegrators are still widely used, 
but their high power consumption and use of 
water is against them. 

To-day wet electrostatic precipitation is 
being installed on all new plants. Although 
two-stage plants with dry and wet recovery 
have been tried, they were not a success and 
to-day there are only two kinds in common 
use. In both the gas is first rough-cleaned in 
tall wash towers. The gas is then conditioned 
by high-pressure atomising water sprays, 
which improve the ionisation. In one type 
the gas then enters a series of rectangular 
treaters in parallel, in which there are rows of 
parallel plates and wires. Fig. 3 shows the 
way in which these wires and plates are 
connected. A corona discharge is created 
around each of the wires, which are negative, 
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Figs. 3 and 4—(left) Diagram of wash tower and plate type electrostatic precipitator, (right) Diagram of wash tower and tube type electrostatic precipitator 


as efficiently operated as they are to-day. 
For while, not many years ago, the coke 
consumption on a foreign ore furnace was 
about 21 cwt per ton of pig iron and the 
calorific value of the gas about 105 B.Th.U. 
per cubic foot, to-day furnaces are operating 
with coke consumptions of about 14 cwt and 
gas values of 90 B.Th.U. Also with the 
advent of sinter plants the flue dust has 





Three main types of final gas cleaning have 
been tried. The Halberg-Beth was one of the 
earliest and, from a gas cleanliness point of 
view, one of the most successful. The gas 
passes through fine cotton filter bags which 
are rapped at intervals to cause the deposited 
dust to drop. Almost any required degree 
of cleanliness can be obtained by making the 
bag mesh small enough. There are three 


and the dust particles passing through this 
discharge become negatively charged and 
attracted to the positively charged plates. 
At intervals of four hours, the plates are 
washed down. There are six banks of elec- 
trodes in each treater and they are washed 
down one at a time for about three minutes, 
during which time the power is switched off 
that bank. Thus, each filter is operating on five 
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banks out of six for eighteen minutes every 
four hours. There are atomising sprays after 
each bank to ensure high humidity. The 
direct current is supplied for this type by a 
mechanical rectifier with a revolving arm in 
which the current jumps across a gap, the 
arm being rotated opposite the correct pole 
by a synchronous motor. This rectifier 
requires a good deal of space but is extremely 
reliable and robust. Another type of pre- 
cipitator is illustrated in Fig. 4. In this the 
wires giving the corona discharge each hang 
down the middle of a tube. There is a con- 
tinuous wash down caused by an overflow 
over the tubes and this is supplemented by 
an increased flow every eight hours for five 
minutes and additional spraying for five 
minutes every sixteen hours. Selenium 
rectifiers are used for this type. 

Szczeniowski, in his paper, ““ Le Gaz de 
Haut Fourneau,” gave the following figures, 
all per 1000m*/gas. 

Installation Water Power 
cost, francs m* kWh 

Halberg-Beth bag filter ... ,000, iis ee 
Dry electrostatic 7 ate “J 
Theisen disintegrator 
Wet electrostatic te 

From this one would expect a strong 
swing towards dry electrostatic, for the 
nuisance of the water content in the sludge 
of the wet electrostatic is considerable. After 
passing the effluent from the towers and 
treaters through a thickener, the sludge still 
contains 60 per cent moisture and even the 
use of vacuum filters will only reduce the 
moisture to 30 per cent. So that the develop- 
ment of a dry type precipitator would save 
not only water but the cost of thickeners, 
filters and driers. Nevertheless, wet treaters 
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Fig. 5—Influence of humidity on the dry electrostatic 


process 


are still being installed almost to the exclusion 
of all other types. This is because of the 
influence of humidity on the electrostatic 
process (see Fig. 5). To operate at high 
humidity without falling below the dew 
point was found to be extremely difficult 
when plants were built in which the first 
stages of precipitation were carried out dry, 
build-up on the walls of the treaters being 
almost impossible to avoid. 


THE SPEED CONTROL OF COLD ROLLING 
MILLS 


In the last twelve or fifteen years, there has 
been a big increase in the power and speed 
of tandem, sheet and tinplate cold reduction 
mills and this has necessitated the develop- 
ment of electrical control systems of great 
complexity and technical interest. The 
object of all these control systems is to keep 
the gauge of the strip within narrow limits 
over the greatest possible percentage of the 
strip length. As a modern tinplate mill may 
normally run at 4500-S000ft per minute, and 
the strip may be as thin as 0-008in, the prob- 
lems of acceleration and deceleration of the 
reel and the five stands with their massive 
back-up rolls are great. In order to reduce 
the frequency of threading and the length 
of the thread piece, coils are large—up to 
70,000 Ib in sheet mills and about 40,000 Ib 
in tinplave mills, and the stands are built as 
close together as possible. To control these 
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Fig. 6—System ef control—3-stand tandem mill 


modern high-speed cold mills, it is necessary 
to have a system of signals which indicate 
the state of each stand and the reel. These 
signals, which are derived from various 
sources, in mills built ten years ago, were 
almost invariably amplified by one or other 
of the many forms of cross-flux generator. 
To-day there is a swing towards magnetic 
amplifiers which combine the functions of 
signal amplifier and controller and have a 
response at least as quick as the rotating 
cross-flux amplifier and are lower in main- 
tenance cost. 

Two main systems of control have been 
evolved, illustrated diagrammatically in Figs. 
6 and 7. The system shown in Fig. 6, which 
has been in satisfactory operation on three 
stand mills, has, so far, not been applied 
very successfully to five stand mills. It may 
be of some interest to explain the basic 
differences between the two systems. For 
it is by no means clear why the system in 
Fig. 6 cannot be applied equally well to five 
stand mills as for three stand mills. 

In the Fig. 6 system, the speed ratio between 
stands is controlled by signals received from 
a set of tachogenerators driven by each 
stand. In addition, the speed control of 
the reel is derived from a signal from a 
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separate tachogenerator driven by the last 
stand. Under this system, with the mill 
running empty at full speed, the speed of 
each stand is regulated relative to its neigh- 
bours by varying the setting of its stand 
speed regulator, which varies the voltage on 
the main motor field of that stand. The 
setting of this stand speed regulator is ganged 
with the setting of the stand tachogenerator. 
Thus, if it was desired to lower the speed 
on a particular stand to 650 r.p.m. when 
the stand speed setting was equivalent to 
700 r.p.m., this would be achieved by increas- 
ing the motor field volts and, at the same 
time, the tachogenerator output would be 
appropriately increased so that it would 
not nullify the speed alteration applied to 
the motor field. As the mill is loaded, there 
is a tendency for the speed to drop and the 
tachogenerator will send out a signal of 
reduced voltage, thus allowing the regulating 
exciter to boost the volts applied to the 
stand generator field. The tachogenerators, 
are, in effect, used as stand governors. The 
speed control systems can hold the circuit 
regulation to within about 2 per cent when 
running at thread speed. At top speed the 
regulation becomes 0-2 per cent when giving 
the same loss in motor volts, this being much 
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too hard for satisfactory working. As the 
speed is raised above thread speed the regula- 
tion is purposely and progressively spoilt, so 
that it remains about 2 per cent over the full 
range. This constant percentage regulation 
feature is obtained by taking a signal 
roportional to motor load through two 
rheostats in series. The one coupled mech- 
anically to the mill speed regulator achieves 
the spoiling effect, while the other gives the 
mill operator control of the degree of 
“ softness.” 

Steel does not flow equally under cold 
reduction at all speeds. The coefficient of 
friction falls as speed increases. For this 
reason among many others, strip tends to 
leave a mill thicker at low speed than high 
and, therefore, shorter. Thus, in a rigidly 
controlled mill correctly set for high-speed, 
inter-stand tension would increase as the 
speed fell. To a certain extent this will be 
offset by the work on the later stands increas- 
ing, and also the finished gauge of the strip 
increasing. In mills rolling fairly thick 
gauges, the strip is able to take some increase 
in tension which assists in keeping the mill 
on gauge. But as the strip becomes thinner, 
as in the case of a five-stand mill, in the last 
two or three stands it is unable to bear this 
tension increase without breaking. To 
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enable each stand to droop with increase in 
load caused by increase in tension, or thicker 
strip being fed to it, any variation in stand 
motor current from that decided upon would 
cause the regulating exciter to vary the degree 
of boost of the stand generator volts. This 
is the “‘ hard-soft ” control referred to earlier. 

In the Fig. 7 system, the speed ratio of the 
stands is controlled both by varying the stand 
generator volts and by varying the motor 
field. There are no tachogenerators and 
any tendency for the mill speed to droop 
with load is offset by a signal derived from 
the stand motor current which is amplified 
and used to boost the stand generator volts 
in the same way as the tachogenerator signal 
in the Fig. 6 system. As in the Fig. 6 system, 
there is a “ hard-soft” control which, in 
this system, is usually known as “IR drop” 
compensation. For, unlike the “ hard-soft ” 
control in the tachogenerator system, which 
has to introduce a degree of “ softness ” 
into a system which would otherwise be too 
hard, in the Fig. 7 system the “IR drop” 
compensation is to introduce a degree of 
“* hardness ” in a system which would other- 
be too “soft,” particularly at high speeds, 
and this is done by using a signal derived 
— the motor current to boost the generator 
volts. 


Non-Ferrous Metals 


By MAURICE COOK, D.Sc., Ph.D., F.I.M.* 


HUNDRED years ago there were only 
fAfour basic non-ferrous metals—copper, 
lead, tin and zinc. The total world produc- 
tion of these, and the few other metals then 
available, amounted to no more than a few 
hundred thousand tons. To-day, this figure 
exceeds 10,000,000. To these four there 
have been added in the meantime at least 
three other high-tonnage metals—aluminium, 
nickel and magnesium, which form the basis 
of important alloy groups. But the position 
over this intervening time has changed 
not only thus impressively in terms of 
quantity, but in the variety of metals that 
are now required in our complex technical 
civilisation. They number over thirty. Most 
of this change, particularly the increased 
production of light metals and the use of so 
many new metals, has taken place during 
this century and especially within the last 
two decades. Even before the output of 
aluminium approached that of copper on a 
tonnage basis and exceeded it in volume, 
the expression “‘ the age of light metals” 
was not infrequently seen and heard, but 
the range and variety of the new and rarer 
metals and their alloys that are now needed 
for vitally important purposes would seem 
to warrant the appellation “the age of new 
metals.” r 

For long centuries the processes and tech- 
niques of extractive metallurgy, one of the 
oldest of the human arts, underwent little 
change, but in the last few decades there have 
been many notable advances in mining, 
milling and smelting practices, and new 
methods have been devised which have made 
possible both the economic working of low- 
grade marginal ores and higher yields of 
metal content. Furthermore, refining opera- 
tions have undergone radical alterations, 
especially in the introduction of electrolytic 
methods for the production of high-purity 
metals, now so necessary for many industrial 
uses. These many discoveries and develop- 
ments in all phases of metal production have 
understandably and inevitably been closely 
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linked with corresponding advances in many 
branches of engineering and the demand for 
ever-increasing quantities of some of the non- 
ferrous metals has given rise to many vast 
engineering projects. To cite but one 
example, the recent scheme in British 
Columbia, designed for an ultimate yearly 
output of 500,000 metric tons of aluminium 
ingot, involved the driving of a 10-mile 
tunnel through a mountain to give passage 
to falling waters, the construction of a power- 
house inside a mountain, and the erection 
of the largest overhead transmission cable 
ever made to carry electric power. 

As in the extraction and refining of metals, 
so the plant and processes used for their 
further fabrication into wrought forms or 
finished castings have undergone great change, 
again more especially in the last two or three 
decades. The increased use of electricity 
for metal melting, annealing and heat-treat- 
ment, and for driving metal working plant, 
has been one of the most outstanding changes. 
The demand for materials in greater quantities 
and improved quality to meet more exacting 
specifications has stimulated notable advances 
in the design and operation of casting units, 
rolling mills, extrusion and forging presses, 
and plant for the manufacture of tube and 
wire and other products. As well as a 
striking increase in the scale and speed of 
operations, involving of necessity more 
mechanisation and instrumentation, con- 
tinuous processes are replacing batch 
methods, and more precise control techniques 
are being developed and applied. 


ALUMINIUM 


By far the greatest change in the pattern 
of non-ferrous metal production and use in 
recent years is the spectacular advance of 
aluminium and its alloys which now feature 
sO prominently in, and are markedly influenc- 
ing developments in, transport, electrical 
engineering, building and many other applica- 
tions. At the beginning of this century, 
fourteen years after Hall and Héroult demon- 
strated the practicability of an electrolytic 
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process for the production of aluminium, 
which is used unaltered in principle to-day, 
the world output of the metal was only a 
little over 7000 tons. By 1935 it had reached 
250,000 tons, and it is now about 3,000,000 
tons, an output on a volume basis exceeding 
that of any other non-ferrous metal. 

The discovery by Wilm in 1909 of precipita- 
tion hardening in aluminium alloys opened 
up immense possibilities with far-reaching 
consequences and led to a whole range of 
lightweight, high-strength materials which 
not only significantly affected aircraft develop- 
ments, but made possible the modern aircraft 
industry. Other notable factors which have 
contributed to the rapid growth in the use 
of aluminium include further successful alloy 
development resulting in the production of a 
variety of heat-treatable and non-heat-treat- 
able alloys possessing attractive combinations 
of mechanical properties, corrosion resist- 
ance and other characteristics such as weld- 
ability, the devising of effective finishing 
treatments, such as anodic oxidation for 
protection against corrosion, cladding tech- 
niques and new joining methods exemplified 
by argon-are welding, non-metallic bonding 
and furnace brazing. This expansion has 
also been facilitated by the introduction in 
1936 of continuous casting methods which 
improved both the quality and uniformity 
of castings, by developments in extrusion 
techniques which have made possible the 
production of large sections and a great 
variety of shapes, and by mass production 
methods for the manufacture of strip and 
sheet. 

More than 20 per cent of the aluminium 
output is consumed in transport in one form 
or another, and while some of the newer 
uses in this field are growing rapidly, it is in 
connection with aircraft construction that 
aluminium has so far achieved its most not- 
able success. Flight at supersonic speeds 
is almost commonplace nowadays, but when 
the Wright brothers launched the first heavier- 
than-air machine at Kitty Hawk in 1903 it 
covered a distance of 852ft in fifty-nine seconds. 
Early aircraft were built of wood and steel 
with a textile fabric skin and progress was 
retarded by the lack of light structural 
materials of adequate strength. This 
deficiency was made good by Wilm’s dis- 
covery and the development of alloys of the 
** Duralumin ” type, and thereafter of others 
with still higher strength/weight ratios, so that 
now aluminium alloys constitute some 75 per 
cent of the weight of a modern aircraft. 

The advantages accruing from reduction in 
“‘ deadweight ” in both rail and road trans- 
port were appreciated in the early days of the 
industrial history of the metal and, as far 
back as 1905 extensive use was made of 
aluminium for panelling and interior fittings 
of rolling stock on the electrified Liverpool- 
Southport line. It was not, however, until 
improved alloys and more efficient fabricat- 
ing methods and techniques of construction 
became available that aluminium began to 
be used to a markedly increasing extent, as 
it now is for rolling stock and road vehicles. 
Recent years have witnessed many impressive 
innovations which indicate considerable 
further expansion in the use of the metal in 
these applications. 

The first recorded use of aluminium in 
shipbuilding was in 1891, when the hull of a 
launch was built of aluminium sheet in 
Zurich. As in road and rail transport, the 
appreciable extension of its use came much 
later and more particularly with the develop- 
ment of the aluminium-magnesium and 
aluminium-magnesium-silicon groups of 
alloys and improved welding and riveting 
techniques. That the merits of aluminium 
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alloys in shipbuilding are now well recog- 
nised is significantly indicated by the incor- 
poration of more than 2000 tons of these 
materials in the superstructure of the S.S. 
** United States.” 

Aljthough there are some noteworthy 
examples of the use of aluminium in archi- 
tectural applications and building con- 
structions dating back into the last century, 
the possibilities of the metal for these and 
other structural purposes, including bridges, 
have only been considered seriously in 
recent years. Because of its advantages of 
lightness, ease of handling, and durability 
even in the most aggressive industrial atmo- 
spheres, it is now being used increasingly 
in building, a change in attitude perhaps 
symbolised in the Dome of Discovery at the 
South Bank Exhibition. 

The established position of copper as a 
conductor material has tended to over- 
shadow the actual and potential value of 
aluminium for electrical purposes, but its use 
in overhead transmission lines and for bus- 
bars is growing, and electrical applications 
alone account for quite an appreciable con- 
sumption of the metal. 


MAGNESIUM 


Although it was first isolated 125 years 
ago, developments in the other major light 
metal, magnesium, have not paralleled those 
of aluminium, largely because of the more 
limited range of physical and mechanical 
properties that it is possible to obtain in the 
alloys so far developed. From an output of 
about 20,000 tons in 1937 a peak figure of 
more than a quarter of a million tons was 
reached in 1943, and although this fell away 
to between 30,000 and 40,000 tons during 
the immediate post-war years, there has been 
a recovery during the past five years to the 
present figure of about 150,000 tons. As 
there is an abundance of workable ores of 
magnesium, such as dolomite and mag- 
nesite, and since it is present in sea-water, 
from which it can be extracted by methods first 
used in this country in 1938, magnesium is 
one of those metals, unlike some others so 
extensively used to-day, for which there need 
be no anxiety about future availability. Much 
progress has been made in the last few years 
in alloy development and production, and 
with a lower specific gravity than aluminium, 
magnesium lends itself to applications where 
maximum weight saving is of paramount 
importance. This advantage has been util- 
ised particularly in aircraft, where mag- 
nesium is a standard material of construction 
for many components. 


TITANIUM 


The newest potentially large tonnage metal 
is titanium, which, like aluminium and mag- 
nesium, occurs abundantly as substantial 
deposits of workable ores. One of the out- 
standing attractions of this metal, still in its 
industrial infancy, is its resistance to corro- 
sion, and some of the alloys so far developed, 
without appreciable loss of this valuable 
attribute, have the highest strength/weight 
ratio of any known metallic materials. The 
first industrially workable process for ex- 
tracting titanium was devised in 1940 and the 
total output of metal in 1954, produced 
mainly by this method, was about 4000 tons, 
but much more capacity is being provided 
against a growing demand. The whole 
technology of titanium is dominated by the 
necessity for avoiding contamination by 
impurities, particularly, but not only, by 
oxygen and nitrogen, from the earliest stages 
of reduction and through the subsequent 
processes of melting, casting and further 
fabrication. This has occasioned the develop- 


ment of types of plant and equipment and 
operating techniques new to conventional 
metallurgy. Most of the titanium now being 
produced is employed for jet engine and air- 
frame components and the advent of this 
metal seems likely to contribute much to 
further aircraft developments. Potentially, 
titanium has many uses in marine engineering 
since its resistance to sea-water corrosion is of 
an exceptionally high order, and, being but 
half the weight of stainless steel and more 
corrosion resistant, it has considerable possi- 
bilities in the field of chemical engineering. 


COPPER 


Atacurrent figure of more than 3,000,000 
tons, the annual output of copper still exceeds 
that of any other non-ferrous metal. A 
hundred years ago the world production was 
about 50,000 tons. This growth in output 
over that period provided for the needs of the 
rapidly expanding electrical industry, in 
which as a conducting material copper was 
eminently suitable, and this usage accounts 
for more than half the virgin copper now con- 
sumed. Among the many advances that 
have been made in the extraction and refining 
of copper, perhaps the most outstanding has 
been the introduction of electrolytic refining, 
which was first started at Pembrey in South 
Wales in 1869, and put into operation a few 
years later in the United States, where copper 
production was at that time rapidly develop- 
ing. To-day more than 80 per cent of the 
world’s production of primary copper is 
electrolytically refined. To meet new require- 
ments of the past twenty-five years or so 
several special types of high-conductivity 
copper have been produced. Thus silver has 
been added to increase high-temperature 
strength, tellurium to improve machinability, 
which it does to a remarkable degree, cad- 
mium and chromium for added strength at 
room temperature, while oxygen-free high- 
conductivity copper satisfies particularly 
stringent needs for ductility. Much of the 
copper not used for electrical purposes is of 
the deoxidised variety, a type of copper made 
by the removal of oxygen from the molten 
metal by the addition of phosphorus. It was 
generally introduced about thirty years ago 
and, being immune to gassing, it made possible 
and greatly stimulated the use of welding 
as a technique for the construction of various 
kinds of vessels and equipment in copper. 

Copper alloys, of which a very considerable 
number have been developed in recent years, 
both in the form of new alloys and modifica- 
tions of existing well-known ones, such as 
the brasses, tin, bronzes and nickel silvers, 
meet a variety of engineering needs too 
diverse to itemise. Of these materials, the 
brasses constitute the most important single 
group in as much as the tonnage produced 
exceeds that of all other copper alloys. Apart 
from many other important uses certain 
brass alloys are of particular significance as 
condenser tube materials. The alloys com- 
monly used originally were 70/30 brass 
and Admiralty brass and because of their 
inadequate resistance to corrosion by dezinci- 
fication in sea-water, failures from this cause 
were frequent until the inhibiting effect 
of small amounts of arsenic was discovered 
in 1923. With the use of higher water speeds 
through the tubes corrosion failure by 
impingement attack became in its frequency 
a new serious problem which has been 
largely overcome by the use of 70/30 cupro- 
nickel alloys containing small amounts of 
iron and manganese, and aluminium brass. 
With improved production methods, a fuller 
understanding and knowledge of their proper- 
ties and behaviour in service, and the use 
of new welding techniques, corrosion resisting 


alloys such as the aluminium bronzes, which 
are amongst the strongest of the copper 
alloys, and the silicon bronzes are being useq 
increasingly for chemical plant and other 
constructions. Age-hardenable alloys of 
copper were first discovered in the early 
twenties and although it has been shown that 
there are many systems in which alloys cap 
be substantially hardened and strengthened 
by solution heat-treatment and subsequent 
ageing, only limited use has so far been made 
of these findings, but some alloys of this kind, 
such as those of copper-beryllium, copper. 
chromium and copper-nickel-aluminium, have 
been developed to meet special requirements. 


NICKEL 


From a negligibly small output in 1850, 
although the metal was discovered in 175], 
the annual level of production of nickel has 
now reached about 200,000 tons. The dis. 
covery of the carbonyl process in 1890 for 
making pure nickel and the development 
of electrolytic refining processes were most 
timely, for in 1889 Riley had demonstrated 
the advantages of nickel additions to steel, 
since when the metal has found its largest 
use in the steel industry. In 1914 Brearley 
introduced the first of the stainless steels, 
the production of which depends in no small 
way on the availability of nickel at an econo- 
mic level and of the required purity, as well 
as on the silicon reduction process for the 
manufacture of the necessary low-carbon 
ferro-chromium. Nickel is also used in 
producing heat-resisting steels, improved 
cast irons and many ferro-nickel alloys with 
special physical and magnetic properties. 
The merits of the metal do not, however, 
derive only from its use as an alloying element, 
for many technological advances have been 
made with the aid of nickel base alloys. 
Nickel-copper base alloys of various types 
and compositions meet important require- 
ments in the electrical, chemical and other 
industries and nickel-chromium alloys form 
the basis of an important high temperature 
group used for resistance elements and in 
heat-resisting applications. These binary 
alloys have been modified by the addition 
of such elements as aluminium, cobalt and 
titanium and their resistance to scaling, as 
well as their strength and creep properties 
at elevated temperatures, thereby so greatly 
improved that their availability has contri- 
buted importantly to the development of gas- 
turbine engines. Electro-deposited coatings 
of nickel have been long used for cutlery and 
other wares and they constitute moreover 
the basis of many forms of metal finishing 
treatments. 

ZINC 

One of the most notable advances in the 
extraction metallurgy of zinc (the output of 
which over the century has increased from 
about 50,000 tons to over 2,000,000 tons, 
second only to copper of the heavy non- 
ferrous metals) has been the production of 
high purity metal required for many modern 
alloys of which zinc is an ingredient and for 
zinc-base die casting alloys. In the early 
part of this century zinc alloys came into use 
in connection with the newly developed 
process of die casting for the quantity 
production of complicated parts. The corro- 
sion troubles and dimensional instability 
which were associated with them were shown 
to be due to impurities and with the advent 
of high purity zinc, alloys free from these 
crippling limitations have come into exten- 
sive use for fittings for motor vehicles, radio 
and domestic engineering products, and 
account for about 10 per cent of the zinc 
consumption. Hot dip galvanising and other 
zinc coating processes use about one third 
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of the zinc output and the other major use 
is in the manufacture of brass. 


LEAD 


In 1850 lead production at a level of about 
150,000 tons was by far the highest of all 
the non-ferrous metals and it has since 
increased to a figure approaching 2,000,000 
tons. Used since ancient times, lead was 
one of the earliest metals employed in the 
chemical industry because of its high resist- 
ance to corrosion and ease of manipulation. 
The sulphuric acid industry still depends 
on it and the provision of high-purity chemical 
jead, made possible by improvements in 
refining processes, has contributed to its 
further use, and so also has the discovery 
that small additions of various alloying 
elements appreciably increase the creep 
strength of the metal without significantly 
aflecting its corrosion resistance. Its other 
large tonnage uses are for cable sheathing, 
storage batteries, flashings and piping, type 
metals and bearing metals. 


TIN 


The production of tin has increased over 
the century from about 17,000 tons to about 
200,000 tons, about half of which is used in 
the manufacture of tinplate, a production 
that has undergone major changes in recent 
years with the adoption of electro-deposition 
techniques integrated with the use of large 
powerful mills for rolling wide strip in coils 
weighing several tons. Modern production 
of tinplate, which runs into millions of tons 
per annum, has, in fact, lead to the develop- 
ment of some of the most impressive plant 
employed in the metallurgical industry and 
to continuous processing on a most imposing 
scale. Another very important use of tin 
is in making bearing metals which have been 
so necessary to progress in prime movers 
and machinery generally. Although many 
varieties and alternatives have been produced 
and used, the type of tin-antimony-copper 
alloy, originally introduced by Babbitt in 
1839, still holds pride of place, and it is in 
manufacturing methods that most advance 
has been made. More than 20 per cent of 
the tin production is used for the manufacture 
of soft solders, essential joining materials 
for many purposes. 


OTHER METALS 


The production of the four metals: copper, 
aluminium, lead and zinc accounts for more 
than 90 per cent of the total output of non- 
ferrous metals and most of the remainder is 
composed of nickel, tin and magnesium. 
There are, however, many others which have 
been vitally necessary to successful develop- 
ments in alloy steel production. An even 
greater and growing number of metals, some 
of which have for long been industrially 
important, are essential to new technological 
advances that are now taking place. In 
addition to nickel, the non-ferrous metals 
of significance in steel and ferrous alloy 
production include manganese, chromium, 
tungsten, molybdenum, cobalt, vanadium, 
boron and niobium, and this use absorbs 
most of their output, which in many cases 
is not for the most part in the form of primary 
metal and, consequently, not included in 
non-ferrous metal production. 

Manganese is used as an ingredient in 
many non-ferrous alloy groups, and the 
availability of pure manganese made possible 
by the introduction of electrolytic refining 
techniques some twenty years ago, is of 
interest in connection with the manufacture 
of alloys of relatively high manganese 
contents. The work of Sargent in 1920, 
which demonstrated the feasibility of 








chromium plating as an industrial process, 
was one of the most notable technical con- 
tributions that has been made to the metal 
finishing industry and, also in the electro- 
deposited form, chromium has an important 
and extensive use for hard surfacing tools 
and dies. 

Molybdenum, because of its high melt- 
ing point, is becoming of increasing 
importance in many new electrical and other 
applications, and cobalt has been essential 
to the successful development of magnetic 
materials and hard alloys. Tantalum is 
another of the less common or minor metals 
which, because of its particular properties 
and characteristics, is being used for a variety 
of purposes in electrical applications, and for 
cutting tools and as an acid-resisting material. 

The advent of a feasible method for releas- 
ing energy from atomic nuclei has posed 
many difficult problems in the choice of 
materials for use in the construction and 
operation of reactors, and apart from fission- 
able materials, beryllium and zirconium have 
acquired considerable importance in this 
connection because of their low neutron 
absorption. 

Many of the precious and rare metals, 
although understandably used in compara- 
tively small quantities, have advanced in 
industrial importance in recent years. Of 
these materials, silver, one of the metals 
known for thousands of years, is produced 
in by far the greatest amount, present output 
being in the region of 200 million fine ounces. 
Of its many important uses, one of the most 
essential to our present civilisation is in the 
photographic industry, which, in its depend- 
ence on the metal, consumes many millions 
of ounces a year. The electroplating industry 
is also one of the largest consumers of fine 
silver and its use is also expanding in the 
chemical and electrical industries and in the 
production of silver solders. The platinum 
group of metals, which includes as well as 
platinum, palladium, rhodium, osmium, 
ruthenium and iridium, are much newer to 
industry, their history dating no further back 
than 150 years. Some of them are being 
increasingly used, particularly in the electrical 
and chemical industries, and the importance 
of platinum and rhodium in the development 
of pyrometry, now widely used in controlling 
thermal operations, needs no emphasis. 


The Growth of the 
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MANUFACTURE OF CEMENT 
HE use of hydraulic limes goes back 
to ancient times. The Egyptians used 
burnt gypsum mortar in the pyramids of 
Cheops. Concrete made with hydraulic 
lime has been found in the joints of the 
abutments of the Roman bridge built by 
Hadrian to carry his defence wall over the 
north Tyne. Many varieties of concrete 
were used in building his villa near Rome. 
Hadrian’s most extraordinary accomplish- 
ment was the roof of the Pantheon, in Rome. 
This 142ft 6in diameter dome, built 1835 years 
ago, appears to be in a perfect state of preser- 
vation to-day. The inner surface has a skin 
of light concrete, and it is thought by Robert- 
son that the main core is concrete in accord- 
ance with contemporary practice in regard 
to vaulting, and that the thick jointed brick 
work which is visible is merely a protective 
facing. 
Various admixtures have been tried with 
hydraulic lime, particularly in marine works, 
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A class of materials indispensable to 
several recent developments in the electrical 
industry are semi-conductors, some of which 
are metals, and two of these—selenium, 
discovered in 1817, and germanium, first 
isolated in 1886—are of particular signific- 
ance. Exposure to light increases the con- 
ductivity of selenium, the characteristic which 
has led to its use in many types of photo-cell, 
while a comparatively new and increasingly 
important use for it is as a rectifier of 
alternating current. The high-purity ger- 
manium required for electronic devices is 
made by fractional distillation or by the new 
zone refining method and the use of this 
metal in transistors is having far-reaching 
effects in electronic engineering and com- 
munication, and must rank as one of the 
most outstanding recent applications of the 
newer and less common metals. 

Whilst by far the greatest tonnage of 
wrought non-ferrous products are manufac- 
tured from cast ingots and billets by processes 
that have been briefly mentioned earlier, 
nevertheless some products, outstanding in 
the impact they have had on engineering and 
industrial progress, are made by powder 
metal techniques. This branch of metallurgy 
can be regarded as dating back to the time 
of Wollaston and his work on platinum early 
in the last century, but it was not until the 
first decade of the present century that powder 
metal processing achieved any signal success, 
Then, in 1909, Coolidge made possible the 
modern electric lamp by producing ductile 
tungsten in the form of fine wire for filaments 
from compacted and sintered tungsten 
powder. This notable application of powder 
metallurgy to the electrical side of engineering 
was followed a few years later by another to 
the mechanical side with the advent of 
sintered tungsten carbide tools and all the 
manifold advantages they have brought to 
machining operations. In both these uses 
materials of extremely high melting point and 
hardness figure prominently, but more 
recently there have been successful develop- 
ments in other directions, such as the produce 
tion of porous bearings from bronze and 
graphite compacts and further attention 
is now being given to the possibilities of 
direct processing of metal powders as an 
alternative route to existing methods for 
making wrought products. 


Concrete Industry 
D.Sc., M.I.C.E., M.1.Struct.E.* 


but no outstanding advance was made until 
Smeaton undertook research to obtain 
a mortar which would set under water 
and which he required for building the Eddy- 
stone lighthouse. 

In 1756, Smeaton found that hydraulic 
lime made from limestone which contained 
clay set in water better than a pure lime, 
and he used on the lighthouse construction 
a cement produced from a blue lias lime 
from Aberthaw, together with pozzolana, 
obtained from Italy. In 1869, Wilhelm 
Michaélis wrote : “‘ A century has elapsed 
since the famous Smeaton completed the 
building of the Eddystone lighthouse. Not 
only for sea faring, but for all humanity 
this lighthouse stands as a true signal of 
blessed work, a light in a dark night. From 
a scientific point of view it illuminated the 
darkness of nearl 2000 years. 

“The errors w'lich came to us from the 
Romans, and which were shared even by 
the excellent Belidor, were dispersed. 

“* The Eddystone lighthouse is the founda- 
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tion upon which our knowledge of hydraulic 
mortars has been built and it is the chief 
pillar of modern construction. Smeaton 
freed us from the shackles of tradition by 
showing that the purest and hardest limestone 
is not the best, at least for hydraulic purposes, 
and that the source of the hydraulicity of 
lime mortar must be sought in the argillaceous 
admixtures.” 

In 1817, Vicat tried burning various 
mixtures of common lime slaked spontane- 
ously by clay, and obtained good results. 
He was a French Government engineer who 
devoted much of his life (1786-1861) to 
research on mortars. He wrote many papers 
from 1818 onwards and, in 1828, a book 
which was translated into English in 1837 by 
Captain J. T. Smith. He concluded that no 
perfectly hydraulic mortar exists without 
the incorporation of clay containing silica 
and alumina. He invented the Vicat needle 
for testing the setting time of cements. 

Joseph Aspdin, a Leeds “ bricklayer” 
or builder, as he would probably be called 
to-day, had for some years been making a 
hydraulic cement when, in 1824, he obtained 
a patent for his material and gave it the name 
of Portland cement. Joseph Aspdin’s speci- 
fication was not as clear as one granted to 
Frost, in 1822, for a cement which he called 
British cement. Frost clearly indicated that 
he used two parts of chalk to one of clay, 
produced a slurry in a mill and calcined in a 
kiln the sludge which had settled in tanks. 
He used enough heat to drive off carbon 
dioxide. He then ground the resulting pro- 
duct. Brunel used Aspdin’s cement in con- 
structing the Thames tunnel in 1838, and John 
Grant, engineer to the Metropolitan Board of 
Works also used it in 1859 in the construction 
of the London Drainage Canal. In 1866, 
Grant introduced the tensile briquette test. 

In 1827, J. B. White and Co. took over 
Frost’s works at Swanscombe, Kent, a step 
which later led to the development of the 
modern cement industry. Aspdin’s cement, 
however, was at that time more popular, 
and I. C. Johnson, of J. B. White and 
Co., persistently tried to discover the 
secret of the better quality of Aspdin’s 
product, but without success. Aspdin 
guarded his secret with great care. He 
permitted no one except himself to carry 
out some of the operations in the manufac- 
turing process. His works was surrounded 
by a 20ft high wall to keep out the inquisitive 
and entry could only be made through the 
office door. Johnson employed a chemist 
to analyse Aspdin’s cement, and the latter 
reported that, amongst other things, phos- 
phates were present. Johnson immediately 
assumed that Aspdin used an admixture of 
ground bones and arranged to buy large 
quantities in the Thames Estuary area. He 
found, however, to his disappointment, 
that the addition of ground bones, if any- 
thing, deteriorated the quality of the cement. 

In 1848, Johnson, on one occasion, un- 
intentionally raised the temperature of his 
kilns until the mass nearly vitrified. The 
resulting clinker he threw away and dumped 
it where he thought it would be obscure, as 
he was anxious to safeguard his technical 
reputation. Some time later, when passing 
this dump, he noticed that some of the clinker 
which had become pulverised and damp 
had set hard. This incident marked the 
discovery, at least in one important enter- 
prise, of modern Portland cement. From then 
onwards, Johnson operated his kilns at a 
much higher temperature until the mass 
nearly vitrified and ground the clinker thus 
produced. 

In 1858, French Government engineers 
bought cement manufactured by Johnson 
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Fig. 1—The Pantheon, Rome. Built about A.D. 120 by Hadrian. Diameter, 142ft 6in. Internal finish 


lightweight concrete core, 


for use in constructing Cherbourg harbour 
and were impressed by its quality. Between 
1865 and 1871, it was used on harbour 
works at Le Havre. Doubtless, these events 
influenced the beginning of the French 
development of reinforced concrete, which 
did not make great headway until strong 
cement was available. Moreover, it was the 
success of the French port work which gave 
Hennebique an opportunity, in 1898, to 
extend the use of his system to Great Britain. 
He designed and constructed a wharf near 
Southampton and set up a branch organisa- 
tion in London. 

Many other names could be mentioned as 
contributors to the growth of the cement 
industry in the nineteenth century, particu- 
larly in France, Germany, Italy and the 
Scandinavian countries. Le Chatelier (1850- 
1936), in France, first made real progress 
in determining the compounds which formed 
in the burning process. The cost of manufac- 
ture of cement, particularly in U.S.A., was 
reduced by the introduction of the rotary 
kiln. Thomas Crampton, in 1877, secured a 
British patent, and Frederick Ransome in 
1885. In 1893, Davidsen, of Denmark, in- 
vented the tube mill, now almost universally 
used for grinding, and prepared the way for 
the great development of reinforced con- 
crete engineering which soon followed in 
all Scandinavian countries. George and 
Thomas Earle were manufacturing Roman 
cement at Hull in 1823, and in 1832 it was 
claimed by them that their product would 
set hard under water. In 1933, a masonry 
joint made with Earle’s cement in 1818 in 
Bridlington pier, was found to be in good 
condition. 


DEVELOPMENT OF REINFORCED CONCRETE 


It is curious that, although the first clear 
conception of the proper function of steel 
reinforcement embedded in concrete was 
described by Thaddeus Hyatt in an American 
patent dated 1878, and Hyatt made many 
attempts to exploit his invention, the primary 
impetus to the development of construction 
on a large scale occurred in France, mainly 
through the efforts of Monier, Coignet and 
Hennebique. The earliest record of concrete 
being reinforced to span a floor has recently 
been brought to light by Professor Fisher 
Cassie. W. B. Wilkinson, a Newcastle 
plasterer, in 1854, took out a patent for rein- 


probably concrete with brick external finish 


forcing concrete with flat bars or wire ropes. 
In his specification he points out that the 
reinforcement should be inserted where 
tension is to be expected. Wilkinson used 
cement from Aspdin’s Gateshead factory 
which was set up in 1852, and built a house 
in 1865 at Newcastle which has only just 
been demolished. It was in good condition. 
Old colliery ropes had been used as reinforce- 
ment. In Continental literature, the earliest 
attempt to combine steel and concrete is 
generally attributed to Lambot who con- 
structed a boat in 1855. He took out a 
patent in which he shows that he visualised 
the possible replacement of wood with 
reinforced concrete in boat construction. 
He regarded the reinforcement as an internal 
skeleton which gave shape to the structure 
and generally held it together ; in making 
his boat, he plastered concrete over a mesh. 
Thaddeus Hyatt, however, who surprisingly 
was a New Jersey lawyer, made and tested 
reinforced concrete beams, and located and 
bent bar reinforcement so that it was suitably 
placed for resisting the tensile stresses. He 
used turned-up bars and vertical hangers, 
and appears to have regarded the reinforce- 
ment as the tension members of a trussed 
system, thus anticipating modern standard 
practice. Hyatt was also impressed by the 
fire-resisting properties of reinforced concrete 
and its advantages for constructing floors in 
buildings. He carried out tests not only in 
New York, but also in England, and on one 
occasion built a house which he demonstrated 
could not be set alight by a fire. From his 
tests, he reached the following conclusions : 

(1) That the coefficients of expansion of 
concrete and wrought iron are the same. 

(2) That the ratio of the moduli of elas- 
ticity of concrete to wrought iron is about 
1 to 20. 

(3) That Portland cement concrete is 
fireproof. 

(4) That bars are more economical than 
tolled beams as reinforcement. 

(5) That high concrete chimneys, rein- 
forced longitudinally, and with wire hoops 
are better than those without such reinforce- 
ment. 

He also advocated “‘ the use of a deformed 
bar with bosses or raised portions formed 
upon flat surfaces of the metal.” 

Hyatt did not develop his patents as 
commercial propositions, nor could he 
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rsuade others to do so. He was a most 
plic spirited individual and, incidentally, 
an ardent advocate of the abolition of slavery. 
It is clear that he wished his inventions 
to be used, but either conditions in U.S.A. 
and England were against him, or he was 
ynfortunate in not meeting a business man 
and practical engineer of the calibre of 
Hennebique who, twenty years later, in a 
short period spread the use of his rein- 
forcing system around the world. 

No advance of importance in concrete 
construction appears to have been made in 

rance after the production of Lambot’s 
boat until 1867, when Monier patented the 
use of an iron grillage embedded in concrete 
for generally holding the material together 
and providing structural strength as a tough, 
flexible internal skeleton. Monier was a 
gardener at Versailles, where no doubt he 
was concerned, at times, with small struc- 
tural problems. He first used his system for 
making plant tubs. Later, he built reservoirs 
—one of 25,000 litres at Fontenable, and 
another of 2,000,000 litres at Sévres. He 
also constructed a number of foot-bridges. 
In 1878, Monier took out a patent for rein- 
forced concrete beams and exploited it in a 
number of European countries. He was 
particularly fortunate in his commercial 
contacts in Germany, where rapid develop- 
ment took place. In 1880, earthquakes 
occurred in the Riviera and Monier com- 
menced building concrete structures using 
steel as a general reinforcement. He had 
no idea of stress calculation, but achieved 
success through an innate structural sense 
and practical experience of the behaviour of 
structural members. 

In 1880, Hennebique took out a patent, 
in France, for floor slabs reinforced with 
round bars, and in 1892 for beams with main 
longitudinal tension steel and vertical wire 
stirrups. Hennebique must have been a 
man of great energy and force of character, 
as he immediately proceeded to undertake 
designs and construction of all kinds of 
structures in many parts of the world and 
built up a very large organisation in the 
following twenty years. 

In 1886, Monier’s patents in Germany were 
taken over by Gustave Adolf Wayss, who 
started an organisation to exploit them, in 
Berlin. He carried out test loading on beams 
and floors, and the Prussian Board of Works 
sent Mathias Koenen to inspect them and 
report. Koenen pointed out that the con- 
crete had no tensile strength and formulated 
basic assumptions for beam design and pro- 
duced a set of rules for calculating beam 
sections. At this stage he assumed the 
neutral axis position always to be at mid- 
depth of the section. In 1887 Koenen, with 
the help of Wayss and the results of his 
experiments, produced a brochure which 
described methods of design based on the 
assumption that all tension was taken by the 
reinforcement and compression by the con- 
crete. Wayss deserves credit for taking up 
and developing Monier’s ideas and for 
carrying out much of the earlier construction 
in reinforced concrete in Germany. It is 
interesting to note that Portland cement was 
available both in England and U.S.A. at 
that time, but the advances in reinforced 
concrete design and construction were being 
made in Germany and France. This no 
doubt was partly due to the persistence and 
energy of those who were exploiting the 
various patents and partly to lack of guidance 
in building regulations in England and 
U.S.A., and to economic conditions. Iron 


and structural steel were strong competitors 
in U.S.A. and Great Britain. 
Hennebique, who was born in 1843, was 


a stone mason and builder. He showed his 
faith in the new material of construction by 
building a large reinforced concrete house for 
his family, in which was embodied many 
structural features which clearly demon- 
strated the structural characteristics of the 
material. Monsieur Coignet, who was a 
Parisian contractor and whose father had 
taken out a reinforced concrete patent in 
1861, also carried out much reinforced 
concrete construction in France. In 1894, 
together with N. de Tedesco, he published an 
important paper on strength calculations for 
reinforced concrete buildings. In 1892, 
together with Hennebique, he took out a 
patent for continuous beams and at about 
this time Hennebique introduced the use of 
‘“*T ”-beams for floors. In 1894, Hennebique 
built the first reinforced concrete railway 
bridge at Viggen, in Switzerland. Since then 
many reinforced concrete railway bridges 
have been built on the Continent. It is 
interesting to note that, in Great Britain, 
reinforced concrete as a material for railway 
bridges has scarcely been used at all. In 
1947, partly owing to the steel shortage 
caused by World War II, the Adam Viaduct 
at Wigan was built with beams of prestressed 
concrete, which had been prepared for 
emergency use in the war 

In 1899, Hennebique designed and built 
a wharf at Woolston, near Southampton. 
He used a well-graded dry concrete mix 
and the wharf remains in good condition 
to-day. Other work built since in the 
neighbourhood by other contractors, but 
with wet concrete, has not lasted. Had 
Hennebique’s standards been maintained, 
reinforced concrete might have made a much 
better impression in Great Britain. Follow- 
ing this work at Woolston, Hennebique 
set up a London branch under L. G. Mouchel, 
which has continued ever since to take a 
leading part in design and consulting work. 

In 1896, Considére carried out research 
in France on reinforced concrete and intro- 
duced the conception of beams as composite 
elastic members. It was due probably mostly 
to Considére that reinforced concrete frame- 
works came to be treated as continuous 
elastic systems and various methods of 
analysis, based on this assumption, were 
developed in France, Germany and the 
Scandinavian countries. These new theories, 
produced mainly by professors of the Con- 
tinental technical colleges, are a most 
important contribution to civil engineering 
advance. In 1897, the first reinforced con- 
crete course was instituted by Rabut, at 
the Ecole des Ponts and Chaussées, in Paris. 
It is interesting to note that later Freyssinet 
attended this institution and learnt from 
Rabut, who must have greatly influenced 
his career. In 1903, the Chambre Syndicale 





THE ENGINEER CENTENARY NUMBER 181 





for French reinforced concrete contractors 
was established, and the French Military 
Public Works Department issued a Code of 
Practice. The French Design Regulations 
were issued in 1906. 

During this period, rapid development was 
also going on in other countries. In 1891, a 
branch of Monier’s organisation was set 
up in Copenhagen. Denmark, not having a 
steel industry and possessing good supplies 
of the essential raw materials for concrete, 
advanced very rapidly. In 1904, the designing 
and contracting firm of Christiani and 
Nielsen was established in Copenhagen. The 
firm now has twenty-four offices in five 
continents, and has done much to spread 
the practice of good reinforced concrete 
design throughout the world, particularly 
in marine structures. They have been con- 
tinually advised by men such as Professor 
Ostenfeld, who contributed much to the 
elastic theory of frameworks, and other 
engineering professors and graduates of the 
famous Technische Hochschulen, of Copen- 
hagen. The four to five years’ civil engineer- 
ing courses at the Swiss, German and 
Scandinavian technical universities have 
undoubtedly contributed much to the advance 
of concrete engineering. A branch office of 
Christiani and Nielsen’s was opened in 
London in 1913. A number of well-known 
concrete contractors and consultants now 
practising in London are offshoots of this 
organisation. Great Britain and the world 
have certainly received a wealth of talent 
from this source. 

Between 1880 and 1890, through the 
Monier organisation, development spread 
in Switzerland and Russia, and in Austria 
through the Berlin Wayss company. Pro- 
fessor Ritter, of Ziirich, later contributed 
much to theory, and Maillard designed and 
built many elegant bridges. In Czecho- 
slovakia, Professor Melan also designed 
many famous bridges, and was followed by 
Emperger in Austria, who later extended his 
work to U.S.A. There, Julius Kahn had 
introduced, in 1903, a trussed type of rein- 
forcement in building work. 

It was, however, after the arrival of 
Emperger that expansion began. In 1905, 
Edwin Thatcher built an arched bridge over 
the Kansas River at Topica, and this was the 
first large reinforced concrete bridge in 
U.S.A. Since that time, much research has 
been done in U.S.A., particularly at the 
Portland Cement Association Laboratories 
at Chicago, and at Illinois University. The 
first standard building regulations were 
adopted in 1910. In 1914, J. R. Nichols 
produced a formula for the design of flat 
slab or mushroom construction which was 
originally patented by Turner. Many build- 
ings having floors of that kind were tested 





Fig. 2—Bridge over Varmskogssundet. Example of early Scandinavian slender reinforced concrete bridge 
construction 
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about this time, and the U.S.A. developed 
widely the use of this type of construction. 
In the architectural world, Lloyd Wright 
threw off the shackles of tradition and demon- 
strated the great design possibilities of rein- 
forced concrete. In the inter-war period, 
Professor Hardy-Cross published his moment 
distribution method, which has since been 
universally accepted as a most welcome 
advance in structural theory by virtue of its 
power and simplicity. 

While the turn of the century marked a 
period of great pioneer activity on the 
Continent, advance in Great Britain was slow. 
In Germany and Austria much structural 
testing was done, and design theory pro- 
pounded, and textbooks written. In 1902, 
Professor Mérsch published the first edition of 
Eisenbeton-Bau. The first British textbook 
by Marsh and Dunne, entitled Reinforced 
Concrete, was published in 1904. Faber and 
Bowie’s book was published about six years 
later. Until work was started at the Building 
Research Station in 1921, Faber’s beam tests 
and investigations in regard to shear strength 
represented the only significant structural 
research in reinforced concrete done in 
Great Britain. The Scandinavian countries 
enthusiastically followed the Germans, and 
designers showed in practice that in reinforced 
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Fig. 3—‘“‘ Mineralite ”’ finish 


concrete structures, art and engineering need 
not be divorced (Fig. 2). The Scandinavians 
extended its use to buildings successfully, 
employing the new material not just as a 
framework to be covered by brick masonry, 
but to be the whole structure, taking great 
care to produce surfaces which would weather 
well and remain pleasing in appearance. 
P. A. Bech, of Oslo, has spent most of his 
life studying this problem. Many Scan- 
dinavian buildings owe the quality of their 
weathering surfaces to his research. The 
writer brought to London some samples of 
his “‘ Mineralite ’ slabs in 1946, and British 
architects are now beginning to use them in 
London. Anexample of a finish is shown in 
Fig. 3. 

To the Scandinavian designers must be 
given much of the credit for introducing a 
new elegance in architecture through the 
skilful structural and artistic use of concrete. 
Walter Gropius, in Germany, and Le 
Corbusier, in Switzerland and France, led 
the revolution in the architectural world. 
It was not until the inter-war period, however, 
that “‘functionalism”’ began to influence 
British architects, when Maxwell Fry, Wells- 
Coates, Lubetkin and others began to use 
reinforced concrete as their medium and to 


Fig. 4—Double curvature shell roof, 83ft span, at Brynmawr rubber factory. 
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recognise the advantages and its flexibility 
of form. By that time, the Scandinavians 
had completely adopted reinforced concrete 
as the best and cheapest material for the 
frameworks of buildings. To-day, Great 
Britain is probably the last country in the 
world to embed large quantities of structural 
steel in concrete cladding for the support of 
tall buildings. In recent post-war years, 
particularly during the national steel shortage, 
engineers returning from such countries as 
South Africa and South America, where 
reinforced concrete framed buildings rise 
to twenty-five and thirty stories, were sur- 
prised to see heavy steel grillage foundations 
still being used for important new post-war 
buildings in London. Reinforced concrete 
frameworks are now, however, largely used 
for flat construction with brick cladding. 
The insulation value of brickwork and its 
well-tried weathering qualities give it, in 
some respects, an advantage over concrete, 
but there is no reason why British buildings 
should not have concrete surfaces as pleasing 
as those of the Scandinavian countries. Great 
Britain can be proud of her leading position 
in regard to atomic factories in which rein- 
forced concrete has been greatly used 


because of its resistance to gamma rays and 
neutron bombardment. 

In the inter-war period, Dischinger and 
Finsterwalder produced in Germany the 
first “‘ shell ’’ calculations. The Market Hall 
at Budapest, built in 1930, is an early notable 
example of this new form of construction, 
which has been taken up fairly enthusiastically 
in Great Britain since World War II. The 
elastic theory has been greatly advanced by 
Jenkins. Applications of shell designs are 
shown in Figs. 4 and 5. 


DEVELOPMENT OF PRESTRESSED CONCRETE 


The credit for the special method of rein- 
forcing, now universally known as pre- 
stressed concrete, must go to Monsieur 
Freyssinet. He has recently given an account 
of his life in an address, entitled “* The Birth 
of Prestressing,”’ presented on the occasion 
of centenary celebrations in Paris, in regard 
to the birth of reinforced concrete. It is 
interesting to find that this most famous of 
modern bridge engineers attributes the success 
of his designs mainly to intuition, though his 
education must have included structural 
theory to a high standard. He says: “I 
am by nature intuitive, much less subject to 


Fig. 5—Hangars at Marignane Airport, France, 340ft shells cast at ground level and hoisted into position 





























































reason than to the impulses of the subcon- 
scious. A survivor of a race of artisans with 


construction in their bones, formed by 
thousands of years of isolation under par- 
ticularly hard conditions of life.” Freyssinet 
says his ancestors lived on the plateau 
Corrize, a country of impenetrable forests 
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of Béton Précontraint by Guyon in 1951 
should be mentioned. It revealed that he 
must have contributed much in research and 
analytical work towards the success of 
Freyssinet’s structures. 

Other systems of prestressing have followed 
Freyssinet’s. Professor Magnel, in Belgium, 
has produced his own 
particular system of 
anchoring the high 
tensile steel wires and 
written a much-used 
textbook. Hoyer, 
developing _‘Freyssi- 
net’s early work in 
Germany between the 
wars, stretched wires 
between anchorages 
about 200ft apart and 
cast concrete beams 
around them so that 
the wires, through 
bond, induced com- 
pression stresses in the 
beams. Hoyer’s work 
was followed by Erik- 
son and Bjuggren in 
Sweden. During 
World War II Mautner 
followed Freyssinet’s 
work and designed a 
factory for manufac- 
turing railway sleepers 
at Tallington. In 1949, 
following visits by F. 
Wells and E. R. Hole 
to the Swedish works, 
a factory was built at 
Iver and opened by the 
Minister of Works and 
used for the manufac- 


Fig. 6—Double curvature shell dam at Osiglia, Italy, 250ft high, 720ft long at ture of all kinds of 
crest. 


Engineer and contractor, Dott-ing G. Torno 


and rocky wastes, with a hard climate and 
poor soil. His parents brought him to 
Paris at the age of six. He was admitted, in 
1899, to the Polytechnic, where, he states, 
his comrades pleased him by their seriousness, 
their probity, and their taste for hard work. 
Later, at the Ecole des Ponts and Chaussées, 
he studied under Rabut, who introduced to 
him the merits and defects of reinforced 
concrete. Freyssinet says even at that time 
he was dissatisfied with ‘“‘ the discordance 
of the strains of steel and concrete,” and 
sought a remedy by producing “* permanently 
active forces in the reinforcement.” This 
thought appears to have remained with 
Freyssinet during many years of fascinating 
experience of bridge construction. Many of 
the bridges he designed are famous for their 
height and span—for instance, Plougastel 
(span 612ft). In about the year 1926, he 
investigated a serious case of cracking in 
the main beams of the Caen steel works, due 
to high shear stresses. This appears to have 
influenced his determination to research, 
and from 1926-30 he carried out various 
tests which resulted in his taking out a 
patent. He parted company professionally 
with his colleague Limousin and recom- 
menced life at the age of fifty as a prestressed 
concrete engineer. 


Freyssinet’s early conception of the purpose 
of prestressing seems to have been to pre- 
compress concrete in the tension areas to 
prevent cracking. Many other advantages 
have followed. For instance, the ability 
to precast in segments structures such as 
bridges and build them by joining them 
together with stretched prestressed cables. 
Such a technique was employed in many of 
the post-war French bridges and in the bridge 
at Worms, shown in Fig. 7. The publication 





Hoyer units, including 
long piles. More re- 
cently the Lee McCall system of prestressing 
has been introduced in Great Britain. 


SOME GENERAL OBSERVATIONS 


It may be of interest to consider some of 
the factors which have influenced the course 
of the developments which have been 
described. It is curious that Thaddeus 
Hyatt failed to exploit his patents either in 
U.S.A. or in Great Britain, whereas, twenty 
years later, Monier, whose ideas were less 
advanced, was able to set up successful 
business organisations in several of the 
Continental countries. Would Hyatt have 
succeeded had he gone on to Paris, Berlin or 
Copenhagen ? Was it the particular local 
conditions which were against him, or did he 
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lack the business ability which men like 
Monier and Hennebique must have pos- 
sessed ? The principal discoveries in regard 
to cement, for instance, in the case of Aspdin 
and I. C. Johnson, were both well-exploited 
in Great Britain. The production and sale 
of cement was, however, open to normal 
industrial enterprise. The right conditions 
existed for manufacture and the expansion of 
internal and export trade. The men who 
took charge took full advantage of the nine- 
teenth century expansion in building. But 
in regard to reinforced concrete, standards of 
safety in design were involved. Local 
authorities and building regulations had to 
be satisfied and no suitable regulations existed 
for guidance. 

On the Continent, design was usually 
competitive and carried out under the 
auspices of contractors who were prepared to 
take the responsibility and regarded taking 
risks as part of their business and sought to 
secure contracts by tendering on cheaper 
designs. In Great Britain, consulting engi- 
neers or architects generally undertook the 
responsibility of design and, therefore, neither 
they nor the contractors had anything to 
gain by using new and untried materials for 
permanent structures for which the use of 
brick and stone had set a high standard of 
durability. The products and services of a 
rapidly growing structural steel industry, too, 
provided the most powerful competition. It 
is interesting to note that British engineers 
were not lacking in enterprise, when the 
conditions for using the new material were 
favourable, for instance, in the Colonies and, 
in particular, in India and South Africa. 
Progress in the use of reinforced concrete in 
building frames was much more rapid in the 
latter country than in Great Britain, due partly 
to climatic conditions suiting the material, 
but more particularly on account of the 
higher cost of structural steel. 


While advance was slow in Great Britain, 
Hennebique and Monier expanded their 
businesses at a phenomenal rate throughout 
the Continental countries. Improvements in 
the details of reinforcement, in the quality of 
the concrete and in the design methods used, 
went forward simultaneously. The Conti- 
nental technical colleges took a leading part 
in this work. Professors, such as Mérsch, 
Ritter, Melan and Ostenfeld, in Germany, 
Switzerland, Czechoslovakia and Denmark, 
all developed design theories for the new 
material and monolithic-framed structures. 
Moreover, in accordance with common 
Continental practice, they worked in close 
conjunction with industry, taking a leading 
part in the design of important structures and 





Fig. 7—Prestressed concrete bridge, Worms, Germany. 





Architect, G. Lohmer ; engineers and contractors, 
Dyckerhoff and Widmann A.G. 
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carrying out research in their laboratories. 
In Great Britain the teaching of the new 
subject in the engineering schools advanced 
more slowly. The theory of reinforced 
concrete as taught, for some time, was 
limited to a brief chapter on composite 
sections in the textbooks on strength of 
materials. H. Kempton Dyson gave lectures 
on reinforced concrete in 1911 at the Brixton 
School of Building, and F. W. Drury at 
Manchester College of Technology in 1923. 
It is only in the past twenty years that civil 
engineering professors, such as R. H. Evans, 
of Leeds, and D. H. Ross, of King’s College, 
London, have taken especial interest in 
fundamental research. It was not until 1945 
that the Chair of Concrete Technology was 
established at Imperial College through the 
financial support of the Cement Makers’ 
Federation, and the research laboratory set 
up at Wexham Springs by the Cement and 
Concrete Association. Between the wars 
valuable fundamental research was done at 
the Building Research Station under the 
direction of Sir Reginald Stradling, by 
Glanville and Thomas, in regard to the 
stress-strain properties of concrete. At the 
Road Research Station, too, Sparkes and 
Collins, following up the early work of Feret 
in France and Fuller and Abrams in U.S.A., 
have contributed much to the problem of mix 
design. i 
Further evidence of the isolation in 
technological advance of Great Britain from 
the Continent is provided by the late arrival 
of efficient methods of analysing statically 
indeterminate structures. For the past forty 
years, nearly all Continental engineers have 
used one set of general elastic equations 
with a standard notation for all statically 
indeterminate structures. Professor Miiller- 
Breslau, of Berlin, first introduced them and 
they have become the classical method. 
The derivation and application of these 
equations was not published in a British 
textbook until 1947, when Statically In- 
determinate Structures, by Dr. Ing. R. 
Gartner, was published by Concrete Publica- 
tions, Ltd. It is interesting, perhaps, to relate 
that this occurred through Dr. Gartner 
leaving Germany for South Africa in 1935, 
because of the Nazi régime, while the writer 
left England for South Africa at about the 
same time due to the depression in civil 
engineering in Great Britain. Dr. Gartner 
had no idea at that time that the standard 
Continental methods were almost unknown 
and unused by British engineers, and the 
writer was able to persuade him to produce 
his book. Moreover, these methods of 
analysis, together with further extensions 
which have been produced by Jenkins and 
Henderson, are now being taught to post- 
graduate students at Imperial College. It 
would be wrong, of course, to suggest that 
the Continental countries mostly take the 
lead in the production of theory. Clerk 
Maxwell’s work preceded Miiller-Breslau’s. 
Frequently new fundamental conceptions 
are introduced by British engineers and 
mathematicians, and then perfected in their 
practical application by Continental men. 
In general structural theory of the last 
thirty years, the relaxation process has been 
produced by Sir Richard Southwell, and 
Professor J. F. Baker, of Cambridge, has 
developed the plastic hinge theory of struc- 
tural steel frameworks. Nevertheless, the 
disregard in Great Britain and ignorance 
of Miiller-Breslau’s efficient notation and 
treatment of statically indeterminate struc- 
tures is regrettable, and has been a handicap 
to British reinforced concrete engineers 
working alongside Continental colleagues. 


There has then been a lag in the use of 


reinforced concrete and its associated design 
theory in Great Britain as compared with the 
Continent, although modern Portland cement 
was first produced here. This perhaps 
applies mainly to Government and local 
authority work. Industry and, in particular, 
the oil companies making use of competitive 
designs, mainly prepared by Continental 
engineers practising in London in the early 
days made considerable use of the material 
and more gradually Government departments 
and local authorities have come to rely on it. 

A similar process of development has 
taken place in regard to the use of pre- 
stressed concrete, but the lag behind the 
Continent has not been so long. This was 
probably due to the shortage of steel after 
World War II which encouraged the use of 
prestressed concrete in the same way as 
World War I did the use of reinforced con- 
crete. In the U.S.A., progress was slow until 
the price of cement was brought down by the 
introduction of the rotary kiln, and cements 
became more reliable in strength. 

The main world expansion in the use 
of reinforced concrete took place in the 
early twentieth century. The Paris World 
Exhibition of 1900 may have helped Monier 
and Hennebique to expand their organisa- 
tions at a time when world trade conditions 
were favourable. Communications had been 
opened up in U.S.A., Africa and India, 
and these countries were ready for expansion 
in building and industrial structures. Henne- 
bique in particular must have been a man 
of great enterprise and energy who was able 
to take full advantage of this situation. 
Throughout the growth of the industry, 
the genius of the French for producing and 
enthusiastically following up new ideas 
stands out. The Scandinavians and Germans 
have contributed much in systematisation of 
method, both in construction and design. The 
British can claim full credit for the important 
advances in the production of Portland cement. 

There can be few other industries made up 
of such a large number of small independent 
organisations which have grown through 


such a variety of people and circumstances 
in all parts of the world. A new materiaj 
has been created and a new method of build. 
ing linking together across national frontiers 
inventor, scientist, engineer, business man 
and craftsman. Each handles only a part 
of the work of building a single structure, 
Some may never see the final result which 
may surpass in elegance and beauty some of 
the architecture of traditional masonry con. 
struction. The good craftsman loves his 
material, and so must the concrete designer 
and all his associates, for on them lies a great 
deal of the responsibility of ensuring that the 
100 million tons or so of cement now used 
annually do not deface the earth with a 
material which it is difficult to erase. Good 
designs stimulate enthusiasm for good work- 
manship and encourage contractors to take 
a pride in their execution. Research and 
technological education can help to provide 
a better knowledge of the material and so 
avoid the unsightly cracked and stained 
structures which in the past have given 
concrete a bad name. 
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Plastics 


By R. H. DIBB, M.Sc., M.I.Mech.E.* 


HE plastics in use one hundred years ago 
were natural materials such as gutta 
percha, shellac, horn and ivory. The founda- 
tions of the modern plastics industry were, 
however, already being laid. The atomic 
theory of John Dalton was well established 
and synthetic organic chemistry was attract- 
ing the chemical experimenter. Polystyrene 
had already been made in the laboratory 
and polyvinyl chloride (p.v.c.) was to be 
made within the next twenty-five years. 
These, however, were not the result of a 
deliberate search for materials to augment 
natural sources and both these plastics, now 
made in such large quantities, had to wait 
until World War II for serious industrial 
exploitation. More utilitarian in its objec- 
tives was the work which had already started 
on materials derived from cellulose, a natural 
polymer. The manufacture of celluloid 
marked the foundation of the plastics industry 
in England and later in America. In 1900 
partially synthetic plastics based on the 
natural polymers, cellulose and casein, were 
all we had available. The next quarter of a 
century saw the establishment commercially 
of the important thermosetting plasticst— 
* Engineering Director, Plastics Division, Imperial Chemica! 
Industries, Ltd. 
+t Most synthetic plastics are thermoplastic, that is, they soften 
when heated ; the thermosetting type when heated in a mould 
under pressure undergo a chemical reaction (known as mi cure oo 


or, more scientifically, as cross-linking) producing a rigid d 
which does not subsequently soften perceptibly when heated, 








phenol formaldehyde and urea formaldehyde. 
These were completely synthetic and not, 
of course, based upon natural polymers. 
The impact on the electrical industry, particu- 
larly of the phenol formaldehyde resins and 
moulding powders, has been most important. 
Plastics mouldings have gradually displaced 
metal, wood and porcelain throughout the 
sphere of the smaller electrical appliances 
and in radio have played a vital part since 
the industry’s birth. 


It has been in the last twenty-five years, 
however, that there has been an enormous 
growth in the range and outputs of com- 
mercially produced synthetic plastics. To- 
day such plastics as polyvinyl chloride, 
polythene, polystyrene, and the acrylics, 
in addition to the thermosetting plastics, are 
produced in yearly tonnages which in the 
U.K. are measured in tens of thousands 
of tons. The completely synthetic fibres are, 
of course, plastics—Nylon is already estab- 
lished and growing apace and there is every 
reason to expect that ‘“ Terylene ” will have 
a similar success. The large scale produc- 
tion of synthetic rubbers, based on the 
petroleum industry, was a striking war 
effort in the U.S.A. Subsequently this 
range of products has been extended and has 
found many applications other than that of 
rubber substitution or reinforcement. The 
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continuing development of the petroleum 
chemical industry in the U.K. will soon 
enable these materials to be produced here. 
Much more restricted in quantity, but of 

t technical interest and importance, 
are the fluorine polymers, such as polytetra- 
fuoroethylene, and the silicones. Potentially 
of growing importance to engineering are the 
laminating resins on which the frequently 
heralded plastic car and plastic boat depend. 
As adhesives synthetic plastics are established 
in the aircraft and wood-working industries. 

The success of a plastic depends upon its 
possessing a useful, and preferably a uniquely 
useful, combination of physical properties. 
Plastics are apt, by their nature, to be 
complex. They are polymers, which means 
materials of very high molecular weight 
formed by the combination into a chainlike 
form of a large number of single molecules. 
Their properties depend not only on the 
chemical composition of their simple basic 
molecule but on the size of the macro- 
molecule ; that is to say, on the degree of 
polymerisation. The properties are also 
affected by how the chainlike molecules are 
arranged relative to one another, whether 
completely at random or to some degree 
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Fig. 1—Wave ring joint as used for pressures of 1500 
atmospheres 


orientated, on whether the chains are separate 
or to some degree interlinked, on whether 
they are straight or branched. There is the 
further complication of crystalline or amor- 
phous form. The physical treatments to 
which a polymer has been subjected—the 
conditions under which it was synthesised, 
the work which has been done to it and the 
temperature conditions which it has ex- 
perienced—influence these characteristics and 
affect its properties profoundly. As an 
extreme example, one sample of polythene 
may remain flexible at —70 deg. Cent, whilst 
another, equally pure, is brittle at normal 
temperatures. The range of materials which 
can be made available is thus greatly enlarged 
and, since the chemist has at least a general 
idea of what properties result from which 
structures, the tailoring of materials to end 
uses becomes a possibility. On the other 
hand, this difficulty of characterising poly- 
mers poses problems for the chemical engin- 
eer, for the designer of the manufacturing 
plant, and for the fabricator and the designer 
of his machinery. Not only must purity, 
in the usual sense, be ensured but the physical 
history of the polymers must also be such as 
to maintain with certainty the desired proper- 
ties in the finished article. 

The impact of plastics on engineering takes 
place in three ways. First, for all new syn- 
thetic materials a manufacturing process 
has to be established. It must be possible to 
transfer the laboratory synthesis to large- 
scale commercial manufacture. This may 
involve major advances in engineering tech- 
niques. Secondly, the materials have to be 
fabricated for the various end uses for which 
they are required. Requirements here also 
hecessitate developments in engineering 
design and techniques. Thirdly, there are 
the engineering uses to which the new 
materials can be put. Though they often start 
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as substitutes for some existing material, 
their properties, being so amenable to 
deliberate modification, will often permit 
developments which, with the unsurmount- 
able limitations of a natural substance, 
might be quite impracticable. Alternatively, 
plastics may from the start be used in a way 
for which no natural material would be 
suitable. The subject is now too big for 
any exhaustive treatment in the space avail- 
able. An attempt to cover the field would 
produce a catalogue of facts rather lacking 
technical interest. One or two examples 
will therefore be taken under each of the 
above three headings, and, since the thermo- 
setting types have been longest in the field 
and are the more firmly established in 
engineering practice, the examples will be 
taken from the thermoplastic materials, 
which have recently expanded so rapidly. 
Polythene was discovered in 1933, when, 
in the I.C.I. research laboratories at Winning- 
ton, it was observed that ethylene, contained 
in a small vessel which had been raised to a 
pressure of 1400 atmospheres, had coated 
the inside with a thin layer of “‘ white, waxy 
solid.” Much work was necessary before 
it was established that a new plastic worthy 
of commercial exploitation had been found. 
In the course of this work it was necessary 
to establish a technique capable of handling 
gases at pressures up to 3000 atmospheres 
and suitable, on an industrial scale, for a 
working pressure of the order of 1500 atmo- 
spheres. The synthetic ammonia process 
had already been in operation § since 
World War I at pressures of the order of 
250 atmospheres, but there was no industrial 
experience in these higher ranges. Heavy 
cylindrical steel forgings had been used as 
converters, but with increasing pressures 
and sizes the point was reached where the 
problem of their design became insoluble 
on the basis of the accepted thick cylinder 
formule and of a safety factor applied to 
the elastic limit. The two alternative methods 
of arriving at a solution are either to prestress 
in the opposite sense or to permit straining 
beyond the elastic limit in part of the vessel’s 
walls. Building a vessel from concentric 
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shells and winding externally with wire or 
strip under tension, are examples of the 
first approach, whilst “ autofrettage ” utilises 
the second. Both have been successfully 
used. Gas compressors were also required. 
Nowadays, “high-pressure” compressors 
are a standard line with some firms in Europe 
and in the U.S.A. For the first production 
units in this country, however, compressors 
had to be specially designed which could 
deliver at 1500 atmospheres. In these ranges 
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Fig. 3—Calender roll formations 


ethylene is far from the “ perfect” gas of 
classical physics being at first much more 
compressible than towards the top of the 
range. Consequently, much more heat has 
to be removed at first. The usual practice 
is to divide compression into a number of 
stages in each of which the ratio of final 
to initial pressure is kept below 4 to 1, and 
to provide external cooling between stages. 
Packing glands have to be long and depend 
on metallic contact, with special lubrication 
to prevent seizing, whilst contamination 
of the gases with oil has to be kept extremely 
small. The metal-to-metal lens ring joint 
had been used on vessels and pipelines at 
250 atmospheres ; the wave ring joint, Fig. 1, 
was developed for the polythene process. This 
joint carries the self-tightening principle 
to its logical conclusion and its success was 
a major contribution to the project. Some 
low-pressure polythenes have recently been 
made by catalytic processes. From what has 
previously been said on the subject of 


Fig. 2—28in by 72in four-roll ‘‘Z’’ high-speed calender for plastic sheeting with cross-axis alignment 
mechanism, flood lubrication and hydraulic pull-backs for pre-loading bearings. (Messrs. Farrel-Birmingham, 
U.S.A., and Messrs. David Bridge, Rochdale) 
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characterisation, it will be understood that 
these are not identical materials and what 
exactly their effect will be is difficult to 
predict. It is very probable, however, that 
the high-pressure process which was essential 
to the industrialisation of the original dis- 
covery, will remain the source of large 
quantities of polythene. 

The development of calenders for the pro- 
duction of thin polyvinyl chloride sheet can 
be taken as an example of the adaptation 
of an existing type of machine to the require- 
ments of plastics fabrication. Calendering of 
tubber sheet was an established process for 
which many calenders were in existence. 
When synthetic plastic sheet was first made 
these calenders were used. Machinery 
designers have responded to the demands for 
high-speed production and for very thin 
sheet of great accuracy and consistency by 
many developments and improvements and 
the modern plastics calender is, as will 
be apparent from Fig. 2, an imposing 
piece of engineering design. It is capable 
of producing plasticised p.v.c. sheet at speeds 
up to 100 yards per minute, with a thickness 
of 0-00175in and a tolerance of +0-00010in. 
Twenty-five years ago good conditions for 
rubber sheet would have been of the order of 
30 yards per minute, with a thickness of 
0-008/0-010in and a tolerance of perhaps 
+0-0005in. With the demand for thinner 
sheet and higher calendering pressures 
the diameter of the chilled steel rolls 
has increased relatively to the working 
length. The rolls are cored for heating, 
which is normally by steam or high-pressure 
hot water. More even temperature control 
across the face of the roll has been demanded, 
whilst the increase in bowl dimensions and 
the use of flood lubrication on the bearings 
has tended to increase the cooling effect 
which naturally takes place at the ends. 
Drilling of passages for the heating medium 
parallel to the central cored chamber, but 
much nearer the surface, has improved heat- 
ing, but sometimes radiant heaters have been 
added to ensure that the material at the edges 
could be brought to the same temperature 
as that in the centre. Internal electrical 
heating has also been used on calender rolls, 
zoned so that more heat could be applied 
towards the ends. The stressing of rolls has 
to be considered, as temperature stresses can 
easily become as important as those due to 
the internal pressure of the heating medium. 


Cambering of calender rolls had long been 
carried out to counteract both natural 
deflection and deflection under the pressures 
of working conditions. To judge the best 
camber on each of a series of three or four 
superimposed rolls, reacting upon one 
another through the material being 
calendered, was an art which only experience 
could teach. Any camber was really only 
ideal for one set of conditions and changing 
the camber was a major operation which 
required production to be shut down. Hence 
the principle of cross-axis alignment was 
introduced. A slight skewing of the axis of 
one roll relative to its neighbour had a 
similar effect to that of a slight change in 
camber. This is done by moving the bear- 
ings, which are in spherical seatings. In one 
recent form this is applied to the last roll of a 
calender with a Z formation of rolls, Fig. 3, as 
then the final nip can be controlled, with the 
calender in operation, without influencing 
the conditions in the earlier nips. On another 
design with rolls in inverted L formation the 
third roll is skewed whilst the fourth roll has 
a further refinement of counter-bending by 
hydraulic pressure applied through small 
bearings on extensions of the roll necks outside 
the bearings. With the demand for great 
dimensional accuracy the clearance in the 
bearings became important. In the older 
types of calender the material in the nips 
really takes control and clearance in the 
bearings permits slight movements of the axis 
of the rolls as the calender takes up load 
and attains working conditions. Surprising 
accuracy can, in fact, be obtained under these 
conditions, but it is an art dependent upon a 
very careful control of the feed and of the 
other variables. Preloaded and zero-clear- 
ance calender bearings have been introduced 
so that the accurate presetting of the rolls 
can be done on a scientific basis. In the pre- 
loaded bearing the roller neck is in contact 
with the same segment of bearing when 
light and under various conditions on load- 
ing. This is achieved by providing an 
auxiliary bearing under the control of a 
hydraulic pull-back cylinder and, prefer- 
ably, each bearing is controlled by inde- 
pendently adjustable hydraulic pressure. A 
zero-clearance type of tapered roller bearing 
has also been used. Flood lubrication has 
been mentioned. Oil is supplied in large 
but controlled quantities and at controlled 
temperatures from an external circulating 


Fig. 4— Injection moulding press for thermoplastics. Overall length of bedplate, 16ft 11in ; height of centre line 


of plunger, 3ft 11in ; volume per injection, 52-7 cubic inches ; rate of injection, 28-9 


inches per second ; 


pressure on material, 17,640 Ib per square inch ; ;mould locking force, 500 tons. (The Projectile and Engineer- 
ing Company, London) 
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Fig. 5—Food elevator buckets of rigid p.v.c. in works 
of Joseph Farrow, Ltd. (Messrs. Orbex, Manchester) 


system. There is now a trend towards 
removing the gearing previously mounted on 
the ends of the calender rolls and housing all 
gearing in a unit gearbox separate from the 
calender. Each output shaft from the gearbox 
then drives its corresponding roll through a 
universal coupling. The removal of stresses 
from the rolls is advantageous and again 
helps accuracy, and maintenance operations 
are made easier. There are also installations 
in which each roll has its own motor and in 
which the frictional ratios of the rolls can be 
varied by altering the motor _ speeds 
separately. 

Presses for the injection moulding of 
thermoplastics provide another excellent 
example of a development from simple 
machinery to large and more _ elaborate 
machines with very high rates of production, 
Fig.4. The process is analogous to the pressure 
die casting of metals. A metered charge of 
granular material is melted or softened in a 
heated cylinder and injected by the movement 
of a plunger into a split mould. For gutta 
percha a stuffing machine injecting the 
material into a split mould clamped in a 
simple hydraulic press had been used. Later, 
as the new synthetic thermoplastics were 
introduced, existing presses, such as those 
used for the die casting of metals, were used 
with comparatively slight modification. The 
machines now in commercial use are impres- 
sive. The majority have a capacity of between 
2 and 20 cubic inches per injection, though 
machines up to 400 cubic inches capacity 
are manufactured. Accurate metering of the 
charge, precise temperature control, and rapid 
operating cycles are the requisites. In the 
early machines, the injection plunger in 
moving forward engaged the correct amount 
of material from a gravity hopper. Now an 
additional feed plunger supplies the measured 
charge, which may even be automatically 
weighed. A recent development is to pump 
presoftened material into the injection 

















cylinder. Mould temperatures can be very 
important and the two halves of a mould 
may have to be kept at different temperatures 
for good results. Electronic temperature 
controllers of the proportioning type are 
often used. The softened plastic may still 
have a high viscosity and to produce a com- 
jicated pattern accurately injection pressure 
up to 10 tons per square inch may be required. 
Very robust locking systems are necessary 
to lock split moulds in large machines and 
on the largest machines this holding force 
may reach 2000 tons. Locking may be by 
hydraulic rams or hydraulically operated 
mechanical toggles. With hydraulic locking, 
two-stage pumps combine rapid closure with 
adequate locking. Automatic ejection 
plungers remove the moulded article. All 
the various motions in the cycle may be auto- 
matically time controlled. The cycle depends 
on the plastic and the volume and shape of 
the article, but rates of 300 cycles per hour 
are not uncommon. This is not high com- 
pared with die casting of metals, but the 
high specific heat and low thermal con- 
ductivity of the plastic are limiting factors. 
Multi-cavity moulds may produce fifty 
similar units per injection, or produce all 
the different units required for one assembly. 

Certain engineering uses of plastics have 
been touched upon in earlier paragraphs. 
The uses of thermosetting mouldings in 
electrical work and of thermosetting laminates 
for gears and for bearings, operating at 
loads up to 5000 lb per square inch as in 
steel rolling mills, are already well known. 
The use of thermosetting resins in shell 
moulding is much more recent. The thermo- 
plastics, though now made in such large and 
constantly increasing quantities, are still 
often thought of in terms of the consumer 
goods market. One or two examples will 
show how misleading this is. 

A major use for both polythene and 
polyvinyl chloride is in electric cables. The 
first use suggested for polythene was the 
insulation of submarine telephone and tele- 
graph cables. Its mechanical similarity 
to gutta percha with its better and more 
uniform electrical properties assured its 
success in this field after World War II, but 
meantime, during the war, the very low 
power factor of polythene, which remains 
constant over a wide range of frequencies, 
had made it the ideal material for radar 
cables. Polythene is being used as the 
dielectric in the new transatlantic telephone 
cable, which will provide thirty-five high- 
grade telephone circuits between the United 
Kingdom, Canada and the United States ; 
1400 tons of polythene will be required. 
For general industrial and house wiring a 
range of polythene-insulated, p.v.c.-sheathed 
cables have been developed and are covered 
by B.S.S. 1557. In many wiring applications 
the non-inflammability and the oil, chemical 
and ageing resistance of p.v.c. are valuable. 
For certain service uses, the extruded poly- 
thene dielectric is protected by a Nylon 
sheath. 

_ The chemical resistance of many plastics 
is a valuable property in a variety of industrial 
uses. Both p.v.c. and polythene sheet are 
used as chemically resistant linings in 
chemical plant. Buried drains made of 
polythene resist both internal and external 
corrosion. Effluent drains can be of con- 
siderable size ; a 36in diameter drain, with 
all-welded joints and embedded in concrete, 
is a feature of a recent sulphuric acid plant. 
Small-bore polythene pipe has the virtues 
of flexibility and, if required, of very long 
lengths without joints. It is very easily laid 
for agricultural work and its popularity 
for household plumbing is growing. Poly- 
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thene foil can be lap welded to provide a 
continuous liquid-proof membrane in build- 
ing construction. In chemical works or 
any works where corrosive liquids are 
handled, damage to structures, floors and 
foundations by spillage or seepage can be 
prevented with a certainty that was never 
attainable with the traditional materials 
which necessarily used cemented joints. 
The resistance to erosion of polythene has 
been utilised in protective sleeves inserted 
into the ends of the cooling water tubes of 
steam condensers. 

P.v.c., if unplasticised, is heat resistant and 
non-inflammable as well as _ corrosion 
resistant. Fans and ducts for handling 
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corrosive vapours can be fabricated and 
pipes made from rigid (i.e. unplasticised) 
p.v.c. are in the early stages of what may be 
a very large development. P.v.c. conveyor 
belting for mines and other heavy duties 
has already received a good deal of publicity. 
Foamed p.v.c. is still in its infancy, but with 
its inertness and non-inflammability many 
uses will undoubtedly be found. 

In these and very many other engineering 
applications, Fig. 5, plastics are finding a place, 
not as substitutes, which are cheaper or 
more readily available, but as substances 
with properties superior to those of the 
traditional materials which previously had 
to suffice. 


Engineering in the Chemical Industry 


By SIR EWART SMITH, M.A., M.I.Mech.E., M.I.Chem.E.* 


HE production of chemicals has been 

carried out from the dawn of civilisation, 
but the chemical industry was only beginning 
to take its present form when THE ENGINEER 
was born a hundred years ago. Until the 
beginning of this century the industry was 
concerned primarily with inorganic materials 
or those which could be easily derived from 
animal or vegetable sources, or from the by- 
products of coal distillation. It is only in 
recent years that there has been the vast 
upsurge of organic processes, based mainly 
on petroleum, which has given birth to 
numerous materials hitherto unknown to 
man. There is no reason to foresee any 
slackening of the industry’s present spec- 
tacular rate of development. In_ these 
developments, which call for the highest 
standards of mechanical, electrical and civil 
engineering, and for the most advanced 
techniques of instrumentation and control, 
the engineer has a role of increasing signific- 
ance. The advance of scientific knowledge 
year by year shows with increasing clarity 
that engineering and chemistry are closely 
linked through the basic science of physics. 
In spite of growing complexity, their essential 
unity and interdependence stands out more 
boldly, and the rapid rise of chemical 
engineering as an important branch of tech- 
nology is a recognition of this fact. It would 
be impossible to discuss here. the manifold 
ways in which engineering is applied to 
chemical processes, or to attempt a compre- 
hensive account of the use of chemical pro- 
ducts in the engineering industry. A few 
examples will, however, be given, with 
particular reference to the effects of cross 
fertilisation of ideas and to the directions 
in which technical development seems likely 
to open up new and productive fields. 


CONTINUITY AND GROWTH 


The chemical industry has long appreciated 
that three basic principles of good engineer- 
ing—symmetry, simplicity and continuity— 
have implications in a much wider field ; 
in particular continuity is of far-reaching 
importance. On the chemical side this 
was illustrated by the rise during the 
latter half of the nineteenth century of 
certain large-scale continuous processes, such 
as that for the manufacture of soda ash, and 
by the more recent change-over from batch 
working to continuous production of most 
of the important chemicals. In engineering 
the development of turbo-machinery of 
every kind—as opposed to reciprocating 
machinery—and of flow production methods 
are evidence of the same trend. Many 
reasons lead the chemical industry to search 

* A Deputy Chairman, Imperial Chemical Industries, Ltd. 





for continuity in fundamental design and in 
manufacturing operations. Some of these 
are peculiar to the industry. Thus certain 
processes, such as the fixation of atmo- 
spheric nitrogen to form ammonia, would 
not be technically or economically possible 
on a batch system. Many processes could 
not be operated for one or two shifts a day, 
as it would be impossible to reach steady 
operating conditions of temperature, pressure 
or chemical reaction in the time available. 
It is, indeed, common for many processes to 
operate continuously, at approximately full 
output, for twelve months or more. 

But there are other important factors 
which lead to continuity of operation and 
which may well apply in many other indus- 
tries. For example, the rapid growth of 
demand associated with the continuous rise 
in standards of living calls for high pro- 
duction and a minimum of operating staff. 
This involves large unit size and very high 
capital costs per employee; it is now 
common for the latter figure in the chemical 
industry to reach £10,000 or even more for 
the most modern plants. The creation of 
production facilities to this value represents 
a “rolled up ” human effort of some twenty 
man-years, but new plants may well be 
obsolete in ten years or less. It is therefore 
uneconomic in the social, no less than in the 
financial, sense, if such equipment is not put 
to continuous use throughout its life. Both 
quality of product and the efficient use of 
materials are greatly aided by continuous 
running with control to close limits. This 
demands a high level of instrumentation, and 
it is now generally accepted that what can be 
measured can be controlled far more steadily 
and exactly by automatic means than by 
direct human agency. The development of 
* automation ” methods, which are now so 
much in the public eye, is merely an extension 
of this trend which has been apparent in 
the chemical industry for a long time. 

The breadth and scope of this approach 
is illustrated by considering the manufacture 
of explosives, which is a part of the chemical 
industry where the hazardous nature of the 
processes inevitably induces a conservative 
attitude. Despite this, the production of in- 
dustrial explosives is already being mechanised 
for continuous output to increase productivity 
without detriment to safety. In fact, the 
actual quantity of explosive in process at 
any time is decreased, the number of opera- 
tors exposed to hazard is reduced or, with 
automatic and remote control, eliminated 
completely. 

It is appropriate to mention here 
two applications of explosives in which 
blasting has been modified to overcome 
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disadvantages resulting from sharp discon- 
tinuity of action. The first is a new technique 
for coal getting known as “ pulsed infusion 
shotfiring.” New explosives have been 
developed which can be fired in a sealed 
bore-hole filled with water under pressure 
to produce a high pressure impulse. This is 
very effective in breaking out the coal with 
little dust formation, and a consequent 
reduction of explosion and health hazards. 
Secondly, the mining of ores, quarrying, and 
production of opencast coal have been in- 
fluenced by the introduction of short delay 
detonators for firing a sequence of charges 


Fig. 1—Handling nitric acid for explosives manufacture 
at the end of the 19th century 


at intervals as small as 0-02 seconds. This 
extends the ripping action of the explosive 
in a progressive and effective manner. 
Because of its scientific basis, the 
chemical industry has been pre-eminent in 
the use of research. This applies not only 
in the systematic search for new materials and 
new processes, but in the application of the 
scientific method to every aspect of technical 
work, to commercial operations, and to 
management in general. This in turn has 
led to the widespread employment of scienti- 
fically trained personnel in every phase of 
activity. In the larger organisations, it is 
common to find that 5 per cent or more of 
the total employees have had training of 
university degree standard in pure or applied 
science. Because the emphasis is on brains 
rather than human physical effort, the ratio 
of staff to production operatives is increasing 
and may reach | to 3, or even 1 to 2 in 
advanced organisations. This trend is by 
no means confined to the chemical industry, 
but it is doubtful if the implications of this 
movement, and particularly of “‘ the high cost 
of low overheads ” are yet fully appreciated 
in this country by the community at large. 
The present shortage of scientific and tech- 
nological manpower is a result of the failure 
to adjust our educational system quickly 
enough to keep pace with the changing 
pattern of demand. The serious consequences 
of this are already recognised in the chemical 
industry, where the most urgent need is for 
more engineers with a sound education in 
basic science, in addition to training in their 
particular field of specialisation. The demand 
for men of this type must continue to grow in 
step with the widening application of scientific 


knowledge in manufacturing processes of 
every kind and in the service industries. In 
fact, this shortage of technologists may well 
prove to be the Achilles heel of our industrial 
economy, unless prompt and energetic action 
is taken to keep Britain in line with other 
countries in this vital matter. 

Rationalisation, and the integration of 
complementary processes has been an out- 
standing feature of the chemical industry in 
modern times. The almost numberless 
possibilities of chemical reaction make it 
advantageous to have a wide range of pro- 
cesses on the same or on contiguous sites, so 
that the products or by-products of one 
process may provide, under balanced control 
with a minimum of storage and transport, 
the raw materials of another. Here again, 
there is a close parallel with the engineering 
industry as, for example, in the large-scale 
integrated production of motor vehicles. 
There is no doubt that under effective manage- 
ment and with proper control this movement 
towards _rationalisa- 
tion can lead to higher 
overall efficiency in 
the widest sense of the 
term. 

As a result of all 
these developments 
and the attitude of 
mind which they in- 
duce, the advance in 
productivity in the 


chemical industry, par- 

ticularly in the post- 

war years, has been 
outstanding. This is 7 
some #7? ~ 
which = 


illustrated by 
comparisons 
were recently pub- 
lished by the Treasury. 
It is estimated that 
productivity in the 
post-war period for in- 
dustry as a whole has 
increased at the rate 
of about 3 per cent 
per annum, or double 
the pre-war average 
rate of increase. The 
chemical industry has 
shown the highest 
average percentage in- 
crease in yearly output 
per man during the 
period 1948/1954, the 
figures being: 8 per 
cent for the chemical 
industry, 4 per cent 
for engineering, ship- 
building, electrical 
goods, 34 per cent for 
iron and steel, 3 per cent for bricks and cement, 
and 24 per cent for glass. This achievement 
by the chemical industry may be ascribed 
in part at least to the following factors : 

(a) The large scale of research effort 
directed to the improvement of existing 
plants and methods, as well as to the develop- 
ment of entirely new products and processes. 

(b) The high rate of capital expenditure 
related to (a) and to keep pace with the 
rapid rise in demand. A study of long term 
trends, both here and abroad, suggests that 
the chemical industry expands at about twice 
the rate of manufacturing industry in general. 
The new installations incorporate the latest 
types of plant and controls and as they tend 
to increase in unit size, it is natural to expect 
a corresponding rise in productive efficiency. 

(c) The high level of technical effort 
already referred to is also a major factor in 
this advance. The scientific training and 
attitude of the staff affects not only the 
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technical sphere, but inevitably influence; 
the approach to organisation and mana 
ment, including human relations. Qpe 
result of this has been a rapid extension of 
training facilities at all levels. Above alj 
it promotes the desire for evolutionary 
change and progress as a matter of deliberate 
policy. 


OPERATING CONDITIONS 


The development of more efficient operat. 
ing conditions poses many problems jp 
chemical engineering. Generally speaking 
chemical reaction will proceed most rapidly 
and effectively when there is the best possible 
contact between the reactants, and system. 
atic exploration is being directed to this field, 
Among the more important controlling fac. 
tors are the degree of mixing and dispersion, 
the influence of pressure (particularly jp 
fluid reactions) and the effects of tempera. 
ture. In both gaseous and liquid reactions, 
catalysts are continually being found which 


Fig. 2—Absorption towers and storage tanks in a modern nitric acid plant; a 


typical use of stainless steel 


will induce or speed up chemical combina- 
tions that are difficult or impossible to effect 
without such aids. Research effort in this 
field is intense but still largely empirical ; 
recent work is beginning to throw light on 
the mechanism of surface action but full 
theoretical understanding has yet to be 
obtained. 

An important and interesting develop- 
ment has been the application of high pres- 
sures to aid chemical reactions. This 
possibility had scarcely been considered 
before the beginning of this century, and even 
in the 1920s, operating pressures of 3/5000 Ib 
per square inch were regarded as high. 
Now, there are large scale plants operat- 
ing continuously at pressures of 15,000 Ib 
or more, and experimental work is being 
directed towards the possibility of industrial 
operation at pressures of the order of 
100,000 1b per square inch. Such developments 
involve fascinating engineering problems, 
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icularly where elevated temperatures 
and corrosive media are also involved. 
For example, early types of gas compressor 
for continuous industrial operation at around 
15,000 Ib per square inch were complex 
and unreliable, but great improvement has 
been effected by careful attention to design, 
including the surface finish of cylinders and 
plungers, dimensional accuracy, and the 
choice of the most appropriate materials. 
Advances of this kind can only be made by 
very close collaboration between the engineer- 


ing staff on the chemical side, and the engin- | 


eering firms responsible for supplying the 
machines or components in question. Foreign 
manufacturers now offer, as standard 
equipment, valves, compressors and pumps 
for pressures Of the order of 15,000 1b per 
square inch, but in general it is still necessary 
for such equipment to be specially designed 
if users wish to purchase it in this country. 
The extension of operations under the more 
extreme conditions is likely to continue, 
and it is to be hoped that British suppliers 
will appreciate the need for a bolder and 
more progressive approach. 


MATERIALS OF CONSTRUCTION 


New chemical processes are frequently 
dependent on advance in the available mate- 
rials of construction. Thus the discovery of 
austenitic steel revolutionised the manufac- 
ture of nitric acid, Figs. 1 and 2,and experience 
in this work has further advanced the tech- 
niques of stainless steel production. Similarly, 
demands by the chemical industry for very 
large forged pressure vessels in alloy steel 
have led to advances in steel making. The 
rapid expansion of the nitrogen fixation 
industry after the first world war called for 
the largest possible pressure vessels for opera- 
tion at about 4000 1b per square inch. In 
1922, the optimum vessel which could be 
obtained in this country was a mild steel 
forging with a finished weight of 82 tons 
and an internal volume of 284 cubic feet. 
In 1926, it was possible to obtain 329 cubic 
feet with a valuable increase in diameter 
from 4ft to 4ft Sin by using nickel-chrome 
steel for a composite vessel consisting of a 
body forging of 39 tons end breech ring of 
20 tons to hold the end closure. For the 
development of coal hydrogenation in 1933, 
it was particularly important to secure still 
bigger volumes, and by a novel design of the 
end closure, and with the co-operation of the 
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Fig. 4—The main control room of the Olefine plant shown in Fig. 3 


forgemasters, vessels having a diameter of 
4ft 9in, with a volume of 640 cubic feet for 
work above 4500 lb per square inch were 
successfully produced in nickel-chrome- 
molybdenum steel. In this case the body 
ingot weighed some 250 tons. All these 
vessels were to work with hydrogen as one 
of the reactants at temperatures not exceeding 
about 150deg. Cent. However, the hydrogena- 
tion process demanded that certain items of 
equipment, in particular pipes and junction 
boxes, &c., should be capable of standing the 
full pressure at temperatures of around 500 
deg. Cent. Under such conditions mild steel 
and normal alloy steels could not be used, as 
they are subject to rapid decarburisation and 
embrittlement due to the presence of hydrogen. 
Experiments showed that a low carbon- 
chrome steel with chromium content of 3 to 
6 per cent offered a solution. Although 
such materials were novel to the forge- 
masters and tube makers at that time, success 
was achieved, and an appreciable advance 
was made in _ metallurgical technique. 


The importance and difficulties of opera- 
tions at high pressures is paralleled by the 




























Fig. 3—The Olefine vant at Imperial Chemical Industries, Ltd. Wilton works from which ethylene is 


main product. The control room is seen in the foreground 





problems which the chemical industry pre- 
sents in its desire to work at very high and 
very low temperatures or under conditions 
of high vacuum. There are also frequent 
problems arising from corrosion by the 
liquid or gaseous reactants which have to be 
handled. Any advance which would widen 
the practicability of operations at tempera- 
tures in the range 500 deg. to 1000 deg. Cent. 
would be particularly valuable. 

In general, the limitations of known 
materials of construction are a major check 
on further progress ; the continuous improve- 
ment in the properties of such materials, and 
a thorough understanding of their funda- 
mental nature, is thus of special concern. 
The chemical industry itself makes a very real 
contribution to this work. A considerable 
part of the £13,000,000 a year which it 
currently spends on research, and of the 
support which it gives to research associa- 
tions and work in the universities, is applied 
in the engineering field to work on metallic 
and non-metallic materials. The industry is 
particularly concerned with problems of 
creep, fatigue and corrosion under operating 
conditions that are often critical; even 
minor deviations from the specified con- 
stitution or physical properties of materials 
may lead to very costly or even dangerous 
failures. In view of these circumstances— 
which also affect other major industries, such 
as those engaged in aero-engine production, 
nuclear energy and petroleum technology— 
it is to be regretted that bolder steps have 
not yet been taken to provide more compre- 
hensive and advanced schools in the uni- 
versities or elsewhere for teaching and 
research in the wide field of metallurgy and 
non-metallic materials. 


CHEMISTRY AND OTHER INDUSTRIES 


Industrial developments generally and the 
ever-widening scope of the chemical industry 
have led to a condition where there are no 
clear boundaries between this and several 
other industries. We thus find close and 
often overlapping connections between the 
chemical industry and others, such as those 
producing steel, non-ferrous metals, plastics, 
oil, and nuclear power, which are dealt with 
elsewhere in this Centenary Number of THE 
ENGINEER. The gas industry, which has long 
been an important producer of intermediate 
and finished chemicals, is now being super- 
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seded by the petroleum industry as a major 
source of raw materials for the production of 
organic chemicals. The oil companies are 
constantly expanding their chemical manu- 
facturing activity, and this is already import- 
ant enough to influence the operational design 
of oil refineries. As a complement to this 
the chemical industry has shown that 
economic production is possible by “‘ crack- 
ing” selected petroleum fractions for the 
prime purpose of chemical manufacture, any 
petrol or heavier oils that result being 
regarded as by-products. This is_illus- 
trated in Fig. 3, which shows an olefine 
plant for the production of raw materials 
required in the integrated manufacture of 
numerous chemical products. As an example 
of the close interlocking between the two 
industries, one may quote the production 
of ethylene from petrochemical plants of this 
kind. The ethylene may be used for the 
manufacture of polythene, which is exten- 
sively employed in the electrical industry and 
for an increasing range of other uses. Alter- 
natively, the ethylene may be used for the 
manufacture of tetraethyl lead, which is 
supplied back to the oil industry, for making 
ethylene glycol, and for many other purposes. 

The extraction of non-ferrous metals from 
their ores is traditionally associated with 
mining engineering enterprises, but many of 
the processes involved are essentially chemical 
or electrochemical in their nature. Alumi- 
nium, whose century of useful application 
was celebrated last year, stands as the product 
of a single great industry requiring abundant 
electrical energy. This and the electrolytic 
extraction of zinc are among the outstanding 
achievements of recent times. The wide use 
of titanium oxide as a pigment has speeded 
the availability of the salts from which 
titanium metal is prepared. The production 
of this new material of construction is prim- 
arily a chemical problem ; the metal is likely 
to play an increasing part in advanced 
engineering design of the future, and is of 
particular interest to the aircraft engineer. 
The severe conditions necessary for some 
chemical processes, which have already been 
referred to, also make titanium of great 
interest in chemical engineering. 


SOME EXAMPLES OF RECENT INDUSTRIAL 
CHEMICAL DEVELOPMENTS 


Man-made fibres have become of much 
importance, but interesting and valuable as 
these materials may be, there is a danger of 
seeing them out of perspective. In the 
United Kingdom, Nylon is being made at the 
rate of some 30,000,000 pounds a year and 
Terylene—an entirely British invention—is 
already in production on a plant designed to 
make 10,000,000 pounds a year. These are 
very considerable quantities, but it must be 
remembered that some 2500 million pounds 
of natural fibres and some 500 million pounds 
of rayons are also processed in the United 
Kingdom each year. The world demand for 
the older fibres continues to increase in spite 
of the development of truly synthetic fibres 
for more specialised purposes. 

Nylon and Terylene.—The equipment used 
in the manufacture of the polymers from 
which these fibres are made is elaborate and 
expensive because of the many steps in the 
process and because the extremely high 
quality standards required in the final pro- 
ducts demand very special attention to the 
detail of plant design and operation. A 
typical problem occurs in the polymerisation 
stage of the manufacture of Terylene, where 
the speed of reaction depends to a consider- 
able extent on the rate of removal of the 
gases evolved and where the material changes 
from quite low to very high viscosity as the 


polymerisation proceeds. Then again a 
special machine had to be designed to cut the 
18in wide ribbon of tough cooled polymer 
into #in cubes with a minimum of fines. 
Many complicated engineering problems had 
to be solved in connection with the processes 
for making yarn from the synthetic polymers 
by the melt extrusion technique, since there 
is no counterpart to this in normal textile 
technology. The polymer is melted, filtered, 
pumped through spinnerets, and wound on 
bobbins. Then, in order to develop the 
valuable properties of these yarns—par- 
ticularly the high tenacity associated with 
Nylon and Terylene—the molecules must be 
orientated along the axis of the fibre by 
stretching the yarn on drawframes. An 


Fig. 5—A section of plant for the drawing of Terylene yarn, involving close 
temperature control and automatic scanning of threads at high speed 


average yarn leaving the drawframe may con- 
sist of ten to fifty individual filaments, each 
of which is about 0-000Sin diameter. Any 
break or other fault in these fine filaments 
may lead to a stoppage of the textile-pro- 
cessing machinery through which it sub- 
sequently passes, and present-day standards, 
which become progressively more rigorous, 
demand that no such faults shall be detectable 
in several miles of yarn. 

The drawing of Terylene yarns, Fig. 5, is 
done at temperatures approaching 200 deg. 
Cent. This entails a series of difficult heating 
problems, since the yarn runs at speeds as 
high as 3000ft a minute, and the temperature 
must be uniform. A solution is not easy 
even if expensive equipment is used, but 
when several thousand running yarns must 
be heated separately with a high degree of 
uniformity, it is necessary to have tempera- 
ture-control equipment which is inexpensive 
as well as accurate. A good deal of success 
has been achieved by the development of 
simple temperature control elements for use 
on each thread line, together with develop- 
ment of automatic scanners and temperature 
indicators, each checking groups of about 
sixty thread lines and indicating any departure 
from normal. The winding up of the drawn 


yarn is carried out on equipment which js 
an adaptation of standard textile spinning 
equipment, but with bobbin speeds as high 
as 10,000 r.p.m. very high standards of design 
and maintenance are required. There j, 
keen and growing international competitio 
in this field, and success demands clog 
co-operation between the chemical anq 
engineering industries, backed by the highes 
possible level of technological competence, 

Electrolytic Processes.—In_ the heavy 
chemical field, we find that caustic soda and 
chlorine are two of the basic materials, the 
production of which have for years been 
reliable indices of industrial development, 
The electrolysis of brine produces both chlor. 
ine and caustic soda, and by the electrolysis 
of sodium chloride jp 
a molten state chlorine 
and metallic sodium 
can be produced, 
Theseand other similar 
processes lead to heavy 
demands for d.c. elec. 
tricity—the demand in 
a single factory may 
be over 200,000A at 
250V—and corres- 
pondingelectrical engi- 
neering problems. The 
older plants used 
steam-driven d.c. gen- 
erators to produce the 
necessary current, but 
now diesel-driven d.c. 
generators, and rotary 
and motor converters 
are also used ex- 
tensively. | Mercury- 
arc rectifiers are not 
very appropriate for 
this purpose because at 
the low voltages which 
are required, the 
efficiency is low. But 
the contact rectifier 
which is now manufac- 
tured in this country 
has an efficiency which 
may exceed 97 per 
cent, and it is finding 
increasing use for 
heavy loads at direct 
voltages up to 350V. 

The commercial 
development of large 
germanium and silicon 
rectifiers—which itself poses many chemical 
engineering problems — is awaited with 
interest. 

Protective Coatings.—The prevention of 
corrosion is a universal industrial problem, 
for damage due to corrosion is measured in 
hundreds of millions of pounds annually. 
Painting is one of the oldest, and still among 
the most satisfactory, preventive measures. 
Chemical research has led to a better under- 
standing of the behaviour of paints and to 
the introduction of new protective coatings. 
New film-forming materials, such as the 
alkyd resins, urea and melamine form- 
aldehyde resins, and, more recently, resins 
of the epoxy type, can provide coating com- 
positions possessing greatly improved dur- 
ability, flexibility, chemical and heat resist 
ance, as well as being harder and more 
resistant to abrasion. The traditional 
method of making paints and varnishes in 
small batches without scientific control, is 
giving way to controlled continuous pro- 
cesses ; these call for greater engineering 
effort in design and manufacture and result 
in more efficient production. 

In addition to improving the durability and 
covering power of coatings, research has led to 
better techniques of application that can matet- 
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iallyreduce costs. Modern finishes are capable 
of being applied and hardened more rapidly 
than those of yesterday, and the develop- 
ment of hot spraying makes it possible to 
apply a heavier coat in the same time as a 
normal one. A recent and promising develop- 
ment involves the simultaneous application 
of the coating material and a catalyst to 

omote rapid hardening. These advances 
are of particular significance in automobile 
engineering. 

Much research is being directed to the 
production of more efficient types of anti- 
fouling paints to reduce biological growth 
on ships’ hulls. Although improvements 
during recent years have had a significant 
effect on speed and fuel consumption and 
on the time intervals between dry-docking, 
much remains to be done, and further pro- 
gress depends upon close collaboration 
between the chemical industry and marine 
engineers. 

The corrosion of structural steel work is 
an ever-present problem and engineers are 
paying increasing attention to designing 
structures so that protective coatings can be 
more easily applied and maintained. In 
cases where the conditions are very severe, 
the use of corrosion-resistant alloy steels or 
non-ferrous metals may sometimes be neces- 
sary and justified, but in many cases it can 
be shown to be economical to coat the steel- 
work with metallic zinc or aluminium before 
the appropriate primers and finishing paints 
are used. It is to be hoped that the steel 
industry will, before long, install equipment 
at the mills to coat suitable rolled sections 
with such protective metallic coatings. 

In the paint industry, as in industry at 
large, standardisation of equipment and, 
where possible, of product, greatly assists 
the rationalisation and flow of production. 
A simple but typical example of this is the 
use of paint tins of standardised volume to 
eliminate unnecessary weighing and packing 
operations. When lead was an almost 
invariable constituent of paint, weight may 
have had significance, but covering power is 
more likely to be linked with volume. 

Standardisation.—The chemical industry 
has been particularly active in pressing, 
through the B.S.I., for a greater measure of 
standardisation in the field of overall dimen- 
sions, such as those for pipes, flanges, and 
valves. It is also concerned to secure better 
standardisation of material specifications 
based on physical as well as chemical pro- 
perties. In the long term, it cannot be in 
the national interest to have a multiplicity 
of similar specifications linked with particular 
end uses, when suitable materials could be 
selected from a general range giving a 
gradation of properties; for example, it 
appears unnecessary and wasteful to users 
and producers alike to have three specifica- 
tions for mild steel boiler plate for marine, 
locomotive, and land use, respectively. 


CONCLUSION 


The role of chemistry is no less vital in 
modern civilisation than that of engineering. 
It is concerned with all the great physical 
problems which mankind has to face, such 
as the provision of heat and energy, the 
production of food and clothing, the attain- 
ment of health and hygiene, with an increased 
span of useful life. Thus, the fears of Malthus 
with regard to food supply have not material- 
ised, due largely to the industrial fixation of 
atmospheric nitrogen, and the aid which 
agriculture now has from the ever-widening 
range of fertilisers, selective weed killers and 
pest control chemicals. The industrial 
revolution was based on coal, and has been 
extended by petroleum and the products 
resulting from its chemical treatment. For 
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the future, and in face of the increasing 
difficulties of coal getting and the eventual 
limitation of oil supplies, it is indeed fortu- 
nate that physics and chemistry are opening 
up new vistas with atomic energy. The pace 
of chemical discovery continues to accelerate 
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with a corresponding challenge to ensure 
that the potential benefits of this advance 
become available to all. These possibilities 
appear boundless, if mankind by proper 
philosophy and action will allow their free 
and effective development. 


Oil and Engineering 


By A. C. HARTLEY, F.C.G.I., B.Sc., M.I.C.E., M.I.Mech.E., F.Inst.P.* 


IL has played such an essential part in 

the development of all the engineering 
discoveries described in this section of the 
Centenary Number that it is difficult to realise 
that the first number of THE ENGINEER was 
published four years before the discovery in 
the United States of the world’s first natural 
oil well! The early numbers of THE ENGINEER 
could therefore only have dealt with oil by 
describing the work of Dr. James Young, 
a Glasgow chemist, who, in 1847, refined oil 
for lighting and lubrication and made an 
improved material for candles from oil 
seepages in the Derbyshire coal measures. 
That was the beginning of the oil industry 
as we know it to-day, but the seepages were 
too small for the establishment of a perma- 
nent industry and Dr. Young, believing that 
oil could be produced by distilling coals and 
shales, studied the artificial production of oil 
and took out patents in 1850 in which he 
described processes of distillation and re- 
fining by chemical treatments, many of which 
are in use to-day. 

Engineers collaborated with him and en- 
abled him to establish a plant at Bathgate, 
near Edinburgh, to produce oil from a rich 
Cannell coal. The supplies soon ran out 
owing to the keen demand for his products 
at home and on the Continent and even in 
the United States of America. Further 
engineering developments, however, enabled 
him by 1858 to make similar products eco- 
nomically from oil shale, a raw material which, 
although cheap and abundant, gave only a 
fraction of the yield obtained from Cannell 
coal. Yet again, engineering improvements 
in the plant used led to rapid developments 
and there were no less than 120 shale works 
in operation by 1865. Then, however, 
oil products from the United States—where 
there had been even more rapid development 
following the discovery in 1859 of the first 
natural oil well by Col. Drake—began to 
compete in the European market, being much 
easier to produce and refine than oil from 
shale, and the consequent rapid fall in prices 
led to the abandonment of many of the shale 
works. Some, however, fortunately survived 
by applying the closest attention to the 
development of their processes and using 
to the full advances in engineering to improve 
their retorting and refining plant. The old 
horizontal iron retorts were replaced even- 
tually by batteries of vertical steel refractory 
lined retorts burning the fixed carbon in the 
spent shale as fuel and capable of handling 
1000 tons of shale a day. 

Civil, electrical and mechanical engineering 
have all contributed to the full in the develop- 
ment of economical methods of mining, 
handling, crushing and retorting the shale 
and in discovering, producing and transport- 
ing natural crude oil and in refining and 
marketing the products, thus paying back 
the debt they owe to the oil industry for 
providing the fuel and lubricants that have 
made their own engineering developments 
possible. The steady and continuing develop- 
ment of the oil shale industry, in spite of 
all its difficulties, has been of great im- 
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portance in providing experience for British 
engineers which has enabled them to play 
a very large part in the rapid development of 
the natural oil industry in many parts of the 
world following Col. Drake’s discovery 
well. 

Within ten years of Col. Drake’s discovery, 
crude oil was being produced in Rumania, 
Russia, Italy and Canada and by 1900 in 
Poland, Japan, Germany, India, the Dutch 
East Indies and Peru. Discoveries in Mexico, 
the Argentine, Trinidad and Persia had fol- 
lowed by 1911. Engineers and engineering 
plant and services of all kinds have been used 
by the industry frequently in previously 
uninhabited places in this world-wide search 
for oil. Throughout its whole history, the 
oil industry has been among the foremost 
in encouraging the development of promising 
new engineering discoveries by placing early 
orders for their use and helping them through 
their teething troubles and by meeting in so 
many cases their need for improved fuel, 
lubricants or other oil products which have, 
in their turn, led to yet further develop- 
ments. 

After oil has been discovered, its production, 
transportation and refining involve the estab- 
lishment of large communities requiring 
all the public services and amenities and all 
the industrial facilities of a large provincial 
town in this country, and in many cases 
additional special services, such as air 
conditioning to temper the severe climatic 
conditions abroad. 

The extent and scope of the oil industry 
at the present time will be dealt with later 
in this article, but before first describing 
briefly some of the developments in the various 
branches of the industry, it is interesting to 
note that although natural oil was discovered 
less than a century ago, the annual produc- 
tion in 1900 was 20,000,009 tons; this annual 
rate has been doubled each decade and is 
now more than 700 million tons. The story 
of oil is therefore one of great achievement 
and some of the contributions made by engi- 
neers in the various branches of the industry 
will now be briefly described. 


O1L EXPLORATION 


The origin of oil has been the subject of 
acute controversy for a very long time, and 
even to-day agreement does not go much 
beyond the general acceptance of the view 
that the original source was organic in 
nature and that it consists of the bodies of 
marine organisms and possibly of some plant 
life formed at the bottom of seas, lagoons, 
&c., and preserved by the steady deposition 
of fine grain sealing formations such as mud, 
clay, lime, &c. There is still much con- 
jecture as to the chemical processes by which 
they have been changed into oil and gas, 
whether this has been by heat and pressure 
or by the effect of hundreds of millions of 
years irrespective of heat and pressure, or 
possibly even by biological processes. The 
fact remains, however, that unlike coal, 
which is solid and remains where it is formed, 
oil is liquid and may migrate considerable 
distances laterally and vertically, and only 
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Fig. 1—A section of the British Petroleam Company’s Kent oil refinery with (left to right, background) power station, vacuum distillation units and distillation 
i foreground 


unit with propane de- 


provides a prospective oilfield if it is trapped 
in reservoir rock or sand sealed in by imper- 
meable cap rock. 

The civil engineer has always played his 
part in oil exploration by surveying, map 
making, road building and providing means 
of access and subsistence to enable geological 
surveys to be made. These have been greatly 
helped in recent years by air reconnaissance, 
air photography and photo-geological inter- 
pretation preceding the detailed ground 
geological survey. During recent years, also, 
engineers in many other branches of engineer- 
ing have contributed to the improved 
methods now used for supplementing the 
efforts of the geologist and making more 
certain the location of the prospective oil- 
field. They have assisted geophysicists in 
the development and use of gravimetric, 
magnetic, electrical and seismic methods of 
survey. The gravimetric method depends 
upon highly sensitive instruments such as 
pendulums, gravimeters, or torsion balances 
to measure the slight variations in the gravita- 
tional forces of the earth. These forces are 
affected by the distribution of rocks of 
different density, heavier or lighter areas in 
depth. The presence and magnitude of slight 
variations of the force of gravity can by 
mathematical analysis afford evidence by 
which the presence of concealed structures 
may be indicated or mapped with great 
accuracy. The magnetic method measures 
the earth’s magnetic field to find local 
variations which may be related to the 
distribution of rocks of different magnetic 
attractions. These variations may indicate 
structures. Probably the most important 
of these new methods is the seismic method, 
which consists of creating an artificial earth- 
quake by firing explosives and then observing 
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the rates and times of travel of the waves so 
created through the formation rocks. Two 
forms of this survey have been developed, 
the reflection method and the refraction 
method. In the reflection method, a shot 
of only a few pounds of high explosive is 
placed in a bore-hole 10ft to 50ft below the 
surface and fired electrically. The seismic 
waves so created are reflected for some 
physical reason from certain rock surfaces 
at depth and the returning pulses are recorded 
in geophones suitably aligned nearby on 
the surface and electrically recorded centrally 
in a truck. Each geophone records the total 
travel time of the particular wave entering 
it and provides the operator with data to 
plot the underground contours and what it is 
hoped may prove to be cap rock. The 
refraction method takes advantage of the 
fact that different formations transmit seismic 
waves at different speeds. Shots of from | to 
3 tons are exploded and the vibrations radiate 
out and down in all directions, some being 
reflected from the high-velocity formations, 
while those which strike those formations 
at a critical angle are refracted along it and 
travel at a higher velocity in it until they 
emerge again and make their way up to the 
surface, where they will be recorded on 
suitably located geophones. The large 
explosive charge used enables the geophones 
to be located at from 5 to 15 miles away 
from the shot point to ensure that the 
refracted high-velocity waves get so suffi- 
ciently far ahead of the reflected waves as to 
be easily identifiable. 

The instruments used in geophysical surveys 
are being continuously improved and means 
have recently been developed for transporting 
and handling them in difficult marsh and 
sea areas in which oil is now being sought. 


Diving bells and floating platforms with 
spud legs are being used to provide steady 
support for gravimeters ; and magnetometers 
are actually being flown on surveys by radar- 
controlled aircraft, thus enabling vast areas 
of sea or land to be covered by a preliminary 
survey. The use of one or more of these 
geophysical methods often establishes the 
existence of favourable underground con- 
ditions, but cannot indicate whether oil has 
ever been trapped in the structure and, if so, 
whether it remains there now. The only 
method of proving an oilfield is by drilling 
wells, but further developments in geo- 
physics are assisting in the location of test 
wells so that fewer dry holes are now being 
drilled. 


Oi WELL DRILLING 


The only equipment available to Col. 
Drake when he drilled his first well in 
Pennsylvania in 1859 was that normally 
used for drilling water wells and it is for- 
tunate that he had only to reach a depth of 
69ft. It says much for the pioneers who 
produced the early drilling rigs, largely from 
rough hewn timber, that there were traces 
of many of their ingenious devices in the 
design of drilling rigs for the next 60 years or 
more! Drilling during that period was by 
the cable tool method, in which a heavy 
steel bit of the chisel type was suspended 
in the earlier days by manilla rope and later 
by steel wire cable, motion being imparted 
to it by a crank and beam which utilised the 
stretch and spring of the rope or cable to 
produce an impact on the formation somewhat 
like the cracking of a whip. The chippings 
were baled out after 5ft or 6ft had been pul- 
verised and a good day’s progress was usually 
of the order of 15ft to 25ft if the going was 
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. Mechanical engineering develop- 
ments just before the turn of the century led 
to the adoption of the rotary, or mud flush, 
system of drilling and faster progress began to 
be made. This system, as its name implies, 
depends upon the more orthodox method of 
rotating a bit of special design which cuts the 
formation with a combination of a cutting 
and paring action imparted by cutter wheels 
revolving in the bit head. The bit is 
connected to screwed drill pipe rotated at 
surface by a special rotary table, a continu- 
ous flow of mud being pumped down the 
drill pipe and up the annular space, cooling 
and lubricating the bit and bringing the cut- 
ings to the surface. The mud is loaded with 
barytes and other materials to specific 
gravities of 1-25 or more in order to counter- 
balance the pressure of the oil in the forma- 
tion and to prevent the oil gushing to the 
surface when the well is drilled in. A special 
hydraulic packing gear has been devised to 
enable drilling to be carried out under pres- 
sure and it is used in the case of very deep 
wells where the weight of mud alone would 
not counterbalance the oil pressure. It has 
been necessary to develop throughout the 
years improved drilling techniques to enable 
ever deeper wells to be drilled and deeper 
oilfields to be discovered. At these depths, 
higher pressures are encountered and reser- 
voirs having rock pressures of more than 
6000 Ib per square inch can now be explored 
without difficulty. The very special prob- 
lem of drilling 3 miles or more below the 
surface calls for a highly specialised design 
of casing, drill pipe, rotary tables and par- 
ticularly of lifting gear, which is the key to 
the operation. The necessity for very rapid 
hoisting speeds, so that the drill pipe can be 
drawn from the hole for changing bits and 
lowered again with the minimum loss of time, 
has produced a special design of hoisting 
gear which has no equal in any other branch 
of mechanical engineering. The handling of 
high pressures both in mud, oil and gas calls 
for very special designs in valves and surface 
fittings, as well as in oil well casing. 

The requirements of the oil industry have 
led to the development of special types of 
steel in order to produce the toughness and 
high tensile qualities required at these great 
depths, where dimensions permit of only the 
minimum factors of safety. Steam was used 
extensively in the early days of drilling to 
drive the drawworks, rotary table and mud 
pumps and is still the most satisfactory power 
because of its flexibility. It cannot, however, 
be used economically in all oilfields, for 
water is often extremely scarce or unsuitable 
for boilers. In such conditions, the internal 
combustion engine and electric motor drives 
have been increasingly used. The necessary 
flexibility to enable steady pulls to be main- 
tained by the draw-works on the drill pipe 
and steady pressure on the mud, &c., has been 
obtained by fitting hydraulic couplings. 
Drilling by electric motors has usually been 
adopted where a large number of wells have 
had to be drilled in a fairly restricted area 
and where it has been possible to obtain 
sufficient electric power. The depth of the 
early wells was rarely more than 3000ft, 
but wells are now regularly drilled to 17,000ft 
and in some cases even to 20,000ft. 


The industry has used each advance in the 
design of new tools for “ fishing” in case of 
“twists off” of drill pipe, of new methods of 
coring and of testing wells. Production in 


tight formations has been increased by shoot- 
ing and by acid treatments. More recently, 
methods of electrical logging have been used 
to survey wells before the casing is lowered 
and have provided valuable geological infor- 
mation and have in many cases done away 
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with the need to core and have greatly speeded 
up operations. There is still great scope for 
engineers to develop improved methods of 
drilling, such, for instance, as by using the 
mud flush to drive the rotary bit by means of a 
turbine at the bottom of the hole, thus avoid- 
ing having to use the rotary table to rotate 
the drill pipe. 


OIL PRODUCTION 


In the early low-pressure oilfields rela- 
tively small quantities of gas came out of 
solution when the oil was reduced to atmo- 
spheric pressure, and this gas separation 
could be allowed to take place in tanks 
working at atmospheric pressures with very 
little effect on the quality of the crude. In 
the deeper oilfields now being tapped the 
pressure of the crude oil in the reservoir may 
exceed 5000 Ib per square inch and flowing 
pressures at the top of the well tay be more 
than 3000lb per square inch. Natural 
petroleum gas in proportions varying from 
2000 : 1 by volume to 4000 : 1 by volume is 
dissolved in the oil. If these high pressures 
were released in a single stage, large quan- 
tities of light oil fractions of great value 
as a constituent of petrol would be carried 
away with the gas. The flow of oil is there- 
fore directed after a preliminary separation 
of the leanest gas at the well head to a series 
of heavy steel separators, each being at a 
lower pressure than the one before and rang- 
ing from about 1500 lb per square inch to 
15 1b per square inch. The gas is taken off 
at each stage and the crude oil is then 
delivered to flow tanks, from which it is 
pumped down pipelines to the refinery or to 
the crude oil loading terminal. The gas is 
used as far as possible in the oilfields and 
in the pumping stations and refineries and is 
processed for production of special products. 
There is great scope for engineers in improv- 
ing the plant, compressors, pumps, instru- 
mentation and automatic controls for dealing 
with the increasing pressures and higher 
rates of production now being met. 


O1L TRANSPORTATION 


Oilfields are usually found a considerable 
distance from the refinery or crude oil loading 
terminal site, which must necessarily be 
alongside deep water to enable products and 
crude oil to be loaded into ocean-going 
tankers for delivery to the world’s markets. 
Oil was for many years transported from the 
wells in oak barrels, but proposals were 
made as early as 1861 for a wooden pipeline, 
4in diameter and 6 miles long. The first 
successful line was made of cast iron pipe, 
2in in diameter with screwed joints. It, too, 
was 6 miles long and had steam-driven pumps 
which delivered about 70,000 gallons of oil a 
day. Further lines were built during the next 
year or two, and by 1878 a 6in line, 125 miles 
long, had been built across the Alleghany 
Mountains. By 1910 about 20,000 miles 
of line were in operation and this was 
increased to 70,000 by 1920 and to 112,000 by 
1930. The use of cast iron pipe was replaced 
by lap-welded steel pipe and later by seam- 
less steel pipe. Diameters had been increased 
to 16in by 1939 and screwed joints had been 
replaced by welded joints, first with swelled 
ends and inner rings and later by plain butt 
joints. 

Problems of expansion and contraction 
had quickly asserted themselves in the earliest 
days and lines buried in the ditch during the 
hot summer weather suffered from pulled- 
out joints in the next cold weather. Similarly, 
lines laid in shallow ditches in cold weather 
expanded and threw themselves out of the 
ditch in the next hot weather. These diffi- 
culties were overcome by crowding an excess 
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of pipe into the ditch with sufficient cover to 
hold the pipe in position, but serious corro- 
sion problems were the next difficylty. An 
extra thickness of steel was first used as a 
corrosion allowance, but this only postponed 
the trouble. Methods of pickling, priming, 
wrapping and enamelling the pipe were then 
developed to provide protection against 
corrosion and means have been devised for 
testing the soundness of this protection. 

The alternative method of laying and 
supporting lines above ground has been 
successfully used in Iran, where there is no 
atmospheric corrosion. There was first a tend- 
ency for lengths of some miles of p:pe to move 
in one direction under the influence of the 
daily expansion and contraction due to the 
variation of 100 deg. Fah. in day and night 
temperature, but this was overcome by 
making a sharp bend in the pipe of a few 
degrees alternately in each direction every 
70 yards or so, thus zigzagging the pipe 
across country. 

During the 1939-45 war a 24in pipeline, 
1352 miles long with twenty-six pumping 
stations, was built in America to carry Texas 
crude oil to the industrial areas of New York 
and Philadelphia, and this was followed by 
another pipeline, 20in in diameter and 1475 
miles long, for conveying finished products. 
These lines worked at 700 lb per square inch 
pressure and were made necessary by the 
severe losses being inflicted on tankers carry- 
ing oil along the Atlantic seaboard, but apart 
from these losses, they proved so much more 
efficient in the use of steel, power and men 
than tankers that they quickly led to proposals 
for more large-diameter lines. Every inch in 
diameter of line gives an appreciable reduc- 
tion in capital and operating costs, but 
brings new problems to the mechanical 
engineer to solve. Seamless pipe cannot be 
made at present in diameters larger than 
26in and there is great difficulty in maintain- 
ing reasonably uniform wall thicknesses. 
Pipe of uniform wall thickness has been 
made for many years by rolling single steel 
plates in the form of a circle and then fusion 
welding the longitudinal seam. The pipe is 
then subjected to a hydraulic pressure 
sufficient to stress the steel beyond its yield 
point and expand the pipe into a die. The 
pipe is thus made truly circular and straight 
and the yield point of the steel is raised. 

The oil industry, and particularly that 
part of it laying gas lines, has been quick to 
take advantage of the higher permissible 
working pressures of this type of pipe by 
reducing the wall thickness and making great 
savings in steel. This fusion weld process 
involves the use of very heavy plant, which 
limits the diameter of the pipe produced to 
about 26in and engineers have made a valuable 
contribution to the oil industry by adapting 
the submerged arc welding process for the 
reliable production of welded and expanded 
pipe of up to 36in in diameter. This increase 
in diameter has enabled great savings to be 
made in the capital and operating costs of 
pipelines and has led to the construction of 
the 30in diameter Trans-Arabian pipeline, 
1000 miles in length, from the Persian Gulf 
to the Mediterranean, the 30in/32in Iraq 
Petroleum Company’s line from Kirkuk to 
Banias, also on the Mediterranean, and many 
large-diameter lines in North and South 
America, and in Canada, notably the Trans- 
Mountain pipeline, more than 700 miles long, 
from the Alberta oilfields to Vancouver. 

The oil industry has encouraged the 
development of specialised earth-moving, 
ditching and back-filling machines for prepar- 
ing the right-of-way and the trenches, and 
side boom tractors and cleaning and priming 
and wrapping machines for handling and 
4 
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protecting the pipe against corrosion. Civil 
and mechanical engineers have made great 
contributions to these developments and 
more recently electrical engineers have con- 
tributed to the development of cathodic 
protection, which is now almost always 
applied to pipelines to deal with the inevitable 
faults or damage to coatings called “ holi- 
days.” In this method, current is drained 
from the pipelines either by coupling them 
to magnesium anodes or, when an electric 
supply is available, by using transformers 
and rectifiers and ground beds. Experience 
has shown that when correctly applied, 
complete protection can be given to pipelines 
even when considerable damage has been 
suffered by the coating, but in these cases it 
is at the expense of greatly increased con- 
sumption of anode or current. 

Reciprocating pumps of the duplex and 
triplex double-acting ram type were almost 
universally used for oil pipelines operating 
at pressures of 600 8001b per square inch 
in the earlier days and were driven either by 
steam, compression ignition engines or 
electric motors according to circumstances. 
In 1916, multi-stage centrifugal pumps driven 
by steam turbines were installed in the 
Persian pipelines and proved to be very 
flexible and capable of running very long 
periods without shut-down. In the case of 
desert lines, where water was not available, 
centrifugal pumps have been driven by 
compression-ignition engines through speed- 
up gears, and heat exchangers have been 
installed to enable the circulating water of the 
engines to be cooled by the oil which is 
being pumped. In the early centrifugal 


pump installations, each pump operated in 
parallel, developing the full line pressure, but 


more recently pumps have been arranged in 
series so that the full throughput passes 
through each pump in turn and each adds 
its proportion to the full pressure. More 
efficient, flexible and simpler installations 
have thus been achieved. 

The pipelines deliver oil to storage tanks 
in the refinery or the crude oil terminal tank 
farms, where all-welded steel tanks are now 
the common practice. They are usually of 
10,000 to 16,000 tons capacity, but some of 
more than 30,000 tons capacity are being 
built. They are usually surrounded by 
bunds capable of containing the oil should 
the tank be damaged. Fixed roofs are used 
for heavy, non-volatile oils, but steel roofs 
floating on the oil are now used for crude 
oil and for light oils in order to reduce loss 
by evaporation and to reduce fire risk. 
Great care is now taken to earth all parts 
of the tanks and protect them against light- 
ning. Cathodic protection is frequently 
applied to prevent corrosion of the tank 
bottoms and tanks are carefully insulated 
from the pipelines to prevent increased 
corrosion if they should become anodic to 
the pipeline system. The pipelines so far 
referred to have been for handling crude oil 
and pipelines for supplying finished refinery 
products to the marketing depots will now 
be described. 


PIPELINES FOR REFINERY PRODUCTS 


Pipelines for refinery products have been 
developed chiefly in the United States where 
refined products are handled in larger 
quantities than elsewhere and there are now 
25,000 miles of product lines in operation. 
At first, a different line was used for each 
product, but during recent years it has become 
almost universal practice to pump aviation 
and motor gasolene, kerosene, gas oil and 
light heating oil, through a single line and, 
in some cases, butane and propane and heavy 
fuel oil have also gone through one line. 


Plugs of water or mechanical separators were 
at first put between the different products, 
but experience has shown that provided the 
velocity of the oil in the pipe is kept well 
into the turbulent region, and if the sequence 
of products is carefully chosen, the amount 
of co-mingling is tolerable and products 
can be kept to specification when delivered 
to the depots. Inhibitors, either water or 
more recently oil soluble, are introduced 
into the line at the first pumping station and 
their amount is regulated to prevent corrosion 
inside the line. It has been found that the 
friction factor of the line can be kept low by 


Oil pipelines in Iran 


these means. Facilities are always provided 
for running scrapers through the line. 
Products pipelines have been installed of dia- 
meters from 6in to 20in or more and they are 
operated at pressures of up to 10001b or 1200 1b 
per square inch, chiefly by centrifugal pumps. 
These are almost always designed for series 
pumping in each station and the lines are 
operated throughout from the initial station 
through the boosting stations as a closed 
or tight system, without the product going 
in and out of tanks. Reliable displacement 
meters have now been produced commercially 
and are used wherever oil is put into or taken 
out of the system. Provision is made for the 
regular checking and calibrating of the 
meters under the working conditions of tem- 
perature and pressure and the passage of the 
interface between any two products can be 
accurately forecast to enable the operators 
to carry out the necessary switching opera- 
tion at intermediate take-off points and at 
the terminal into the appropriate tanks. 
Standby pumping capacity is installed at 
the initial station, but frequently not at the 
intermediate boosting stations, because in 
series pumping the spare at the initial 
station can raise the pressure to some extent 
and help the booster. Electric motor drives 
are generally preferred where an electricity 
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supply is available, but compression-ignition 
engines are frequently used with speed-y 
gears of ratios of up to 10:1. Centrifugal 
pump speeds of 3500 r.p.m. are generally 
used, but in some cases pumps with speeds as 
high as 5000 r.p.m. taking 2500 h.p. have been 
installed. There has recently been a tendency 
towards unattended pumping stations, both 
electric and engine driven, and the sequence of 
Starting and shutting down operations js 
automatically timed and controlled and js 
set in motion and monitored by means of 
telephones and teleprinters hundreds of miles 
away. During operation, these stations 
automatically report 
to the central control 
room readings of 
suction and delivery 
oil pressures, speeds, 
temperatures, &c., at 
pre-arranged intervals, 
¢Products pipelines 
are almost always bur- 
ied in order to avoid 
undue variations of 
temperature and there- 
fore of expansion and 
contraction of the oil 
which makes accurate 
forecasting of the posi- 
tion of the interface 
more difficult. Where 
sufficient movement of 
oil products in one 
direction is required, 
bulk pipeline trans- 
port has proved to be 
more economical than 
rail or road transport, 
even in average terrain 
and much more so 
in difficult or mount- 
ainous country, and 
many lines are at pre- 
sent underconstruction 
or in the design stage. 
One interesting case 
is the 10in Trans- 
Iranian products pipe- 
line to be built to take 
Abadan products to 
Teheran with a first 
stage capacity of 
1,000,000 tons a year 
and a second stage with 
extra pumping stations of 2,000,000 tons a 
year. This line will be more than 600 miles 
long and will cross difficult mountain ranges 
at 6200ft elevation, through which at present 
there are only difficult roads and a single 
track railway, whose capacities are urgently 
needed for general traffic. Branch lines will 
later be added. 

During the war, military rather than eco- 
nomic considerations were all-important and 
even where the quantities of products re- 
quired to be moved in one direction were 
relatively small, pipelines of small diameter 
were laid to avoid the use of packages or 
bulk road or rail transport and to ensure 
regular supplies. Indeed, difficulties in en- 
suring regular supplies by tins, barrels ox 
jetricans, with losses of more than 50 per cent 
in extreme cases, led to the laying of pipe- 
lines to follow as closely as possible the 
advance of the armies in North Africa and 
elsewhere in 1941. These were “‘ victaulic” 
jointed steel lines of 4in, 6in, 8in, and 10in 
diameter laid on the ground or buried lines 
with other types of joints. Petrol or diesel en- 
gine-driven pumps were installed to boost the 
oil every 10 or 20 miles or so. The suc- 
cess of these pipelines and the increasing fuel 
demands of the modern mechanised army 
led to the requirements stated by Lord Louis 
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Mountbatten in April, 1942, and referred to 

the Rt. Hon. Geoffrey Lloyd, Minister of 
Petroleum, for a cross-Channel petrol pipe- 
line to supply the Allied armies when the 
re-invasion of the Continent took place. 
This involved the laying of two types of 3in 
pipe which would have been completely un- 
economic in peacetime, but which eventually 
supplied 172 million gallons of motor spirit 
across the Channel with the loss of only 
1:1 per cent. 

“Operation ‘Pluto’ ” (Pipe Line Under The 
Ocean) has been fully described in THE 
ENGINEER (1945) and it will suffice here to 
say that one type of pipe was of more or less 
standard submarine telephone cable con- 
struction with a lead pipe of 3in internal 
diameter, wrapped with layers of paper and 
cotton tape followed by four overlapping 
layers of steel tape to enable working pres- 
sures of 1500 lb per square inch to be used. 
Then followed layers of jute and of steel 
armouring wires and of more jute. The steel 
tapes were wound in right-hand lays and the 
stee! armouring wires in left-hand lays to 
balance the cable and keep it from moving 
when pressure was applied. Four merchant 
ships, two of 10,000 tons, able to handle 
100 miles of cable in one length, were fitted 
with cable storage tanks and cable-laying 
machinery for laying the main lengths and, 
six Thames barges were equipped for laying 
the shore ends. Mechanical joints were 
designed for coupling the main lengths and 
shore ends at sea. Cable pipes were laid suc- 
cessfully by ordinary cable laying methods at 
speeds up to 6 knots and eleven pipes were in 
operation from Dungeness to Boulogne 
until well after VE-day. 

The other type of pipe was 3in diameter 
steel tube of 0-22in thickness. Standard 
40ft lengths were flash welded together into 
4000ft lengths at specially installed plant at 
Tilbury and stored in racks between the 
plant and the dockside. These lengths were 
then welded into one continuous length and 
neatly wound by holding them back with a 
3-ton pull on to a floating drum or Conum, 
which was rotated to pull the pipe round its 
40ft diameter while floating in the water. 
Six Conums were built and could carry 
90 miles of 3in pipe on their 60ft wide drum. 
They were then towed across the Channel 
by powerful Ocean Rescue type tugs, while 
the steel pipe peeled off and sank to the 
bottom. Difficulties were at first experienced 
in pulling the steel pipe ashore, but these 
were avoided by using lengths of flexible 
cable coupled to the steel pipe for the shore 
ends. Six of these lines were laid and their 
time in service exceeded that estimated, 
having regard to their vulnerability to 
erosion. 

Well-camouflaged compression - ignition- 
driven reciprocating and electrically-driven 
pumping stations were installed at Sandown 
and Shanklin in the Isle of Wight to pump 
across to Cherbourg, and at Dungeness to 
pump across to Boulogne. The pipelines 
were all run in parallel and the pressure was 
varied from 900 Ib per square inch to 1500 Ib 
per square inch, to deliver the quantity of 
motor spirit ordered each day from head- 
quarters in Brussels. The total available 
daily capacity was approximately 1,500,000 
gallons. These lines had no commercial 
value after the war and were pulled up to 
salvage the lead and steel. 

It will be seen that there has been great 
progress in the transportation of oil during 
the past century and it is certainly true that 
there are still great opportunities for engineers 
to develop and improve plant and techniques 
and so enable the rapidly increasing quan- 
tities of oil required to be transported. 
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Om REFINING 

Refining is a combination of physical and 
chemical operations designed to convert 
crude oil into a series of fractions or cuts and 
to treat these raw products chemically to 
remove any undesirable impurities, such as 
sulphur compounds and unsaturated hydro- 
carbons. In the early days separation was 
achieved by distillation in simple batch stills, 
which produced a few impure fractions, such 
as petrol, paraffin and fuel oil. A simple 
treatment was used to improve the colour 
and odour and the products were marketed. 
Demands for better products in ever-increas- 
ing quantities led to the development of 
continuous shell still distillation units and 
later to pipe stills with fractionating columns. 
These methods produced straight-run motor 
spirit up to the limit of that naturally avail- 
able in the crude. In the 1920s, demands 
arose for a much improved motor spirit and 
processes of thermal conversion or cracking 
were developed. In recent years, further 
processes called thermal reforming, catalytic 
cracking, polymerisation, alkylation and 
isomerisation have been developed. These 
processes enable the proportions and qualities 
of the various fractions to be adjusted to 
market requirements. Vast plants requiring 
power stations, water pumping plants and 
services, on the scale of a large provincial 
town, are required. There is no space here 
to deal further with this branch of the 
industry, but some of the products will be 
referred to later. 


Oi LOADING 


Reference will now be made to loading of 
oil at the seaboard to sea-going tankers. 
Until the outbreak of the war, tankers were 
rarely more than 16,000 tons capacity and 
required a depth of about 32ft at low water. 
Since the war the size of tankers has been 
increased to 32,000 tons or more. They 
require a minimum depth at low water of 
40ft. Where this depth could be obtained 
in a river close to a suitable site for a loading 
terminal, light jetties were generally used to 
carry the oil loading pipes and more sub- 
stantial dolphins were constructed against 
which the tankers could be berthed. In the 
early development of new fields, where river 
loading facilities were not available, sea 
loading lines were pulled from the shore, in 
some cases to a distance of 2 miles or 3 miles, 
to supply tankers moored at buoys, where the 
depth of water was sufficient. These loading 
lines were, until fairly recently, 10in or 12in 
in diameter but greater experience in laying 
sea lines has made it possible to use dia- 
meters of 20in or 24in with greatly increased 
throughput. 

When an oilfield has been established and 
greatly increased throughput has to be dealt 
with, the very great capital cost of constructing 
a deep-sea jetty becomes justified by the 
savings that can be made by a quicker turn 
round of the large modern tankers and the 
reduction in days lost due to bad weather. 
In the case of the Kuwait Oil Company, a 
jetty was built 4200ft out to sea, with accom- 
modation for six tankers and two cargo 
vessels. This has recently been adapted to 
take eight tankers and more sea loading lines 
have been pulled. The jetty has been fitted 
with gravity type fenders in groups of three, 
consisting of steel cylinders, 21ft long and 6ft 
in diameter, filled with concrete and weighing 
43 tons. The cylinders were slung by links 
in such a way that the impact of a tanker 
when berthing or riding in a choppy sea was 
absorbed by pushing them back and upwards 
against the force of gravity. They have been 
very successful in enabling operations to 
be continued without damage to tankers or 
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jetty during bad weather. Tanker loading 
rates of 3000 tons an hour and more are 
now common practice. 


Or DISTRIBUTION 


The crude oil and products shipped from 
overseas oilfields and refineries in ocean-going 
tankers are discharged at ports or special oil 
terminals where jetties having an adequate 
depth at low water can be installed, and the 
oil is pumped out of the tanker by its own 
pumps to tanks as near the jetty as possible. 
Thereafter, oil is distributed by pipeline, road 
or rail tank cars, or by small tankers or barges 
for coastwise and inland traffic. There is no 
space in this article to describe the distribu- 
tion of products to the smaller depots and 
eventually to the service pump or to the 
containers. 

Oi IN WAR 


Reference has been made under “ Pipelines 
for Refinery Products” to “* Operation 
‘ Pluto’ ” as a special wartime activity of the 
oil industry, which was sufficiently developed 
by 1939 to play a very full part in the war. 
Perhaps the greatest achievement of the 
industry was the production of aviation petrol 
of the quality and in the quantity required 
to meet the ever-growing demand of the 
Allied Air Forces. Plans for the distribution 
of motor spirit and aviation spirit to the 
Forces had been made in the years imme- 
diately preceding the war and a large number 
of plants had been built for making 4-gallon 
non-returnable tins. These tins had for 
many years, particularly in the East, been 
successfully used commercially, but they had 
always been protected by placing them in 
pairs in wooden crates, or singly in cartons. 
It soon became impossible to clothe the tins 
in this way owing to shortages in supplies of 
wood and cartons, and experience soon 
showed, particularly in North Africa, that 
very serious losses were incurred in handling 
supplies in this way. Modern mechanised 
armies demand fast and constant supplies of 
petrol and it soon became apparent that 
methods of delivery must be improved. The 
Germans had developed a very well-designed 
substantial 4-gallon container which was 
christened the “ jerrican” and which was 
used as a returnable container. It had a 
particularly good filler and pouring cap and 
was quickly reproduced by the Allies after 
the first samples had been captured. These 
replaced the non-returnable tins, which had 
been christened “‘flimsies,” and reduced 
losses. 

Apart from the normal contribution of 
the oil industry to the war effort, which 
enabled official reports after the war to record 
that “‘ the planning and execution of no single 
Allied operation was prevented or even 
delayed by lack of petrol, oil and lubricants 
where and when wanted,” the industry made 
great contributions in special ways. It 
was largely responsible for the development 
of flame weapons, the most effective of which 
were the “‘ Wasp,” made by equipping Bren 
gun carriers, and the heavier “Crocodile,” 
comprising a Churchill tank towing, by means 
of a most ingenious mechanical joint, a 6-ton, 
two-wheel trailer, carrying the special flame 
thrower fuel. The mechanical joint, in 
addition to providing for universal freedom 
of movement, had to transmit the controls 
and the fuel under high pressure. Two 
troops of “Crocodiles” landed in Normandy 
on D-day and they took part in practically 
every succeeding action, having by the end 
of August firmly established themselves as 
battle winners. 

On September 26, 1942, the Prime 
Minister, knowing the heavy losses in- 
curred by the very large number of aircraft 
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engaged in night bombing operations when 
attempting to land at home airfields under 
mist or fog conditions, addressed a personal 
Minute to the Rt. Hon. Geoffrey Lloyd, the 
Minister of Petroleum, phrased as follows :— 
“It is of great importance to find means to 
dissipate fog at aerodromes so that aircraft 
can land safely. Let full experiments to 
this end be put in hand by the Petroleum 
Warfare Department with all expedition. 
They should be given every support.” A 
team, largely drawn from the oil industry, 
studied reports of all previous attempts to 
clear fog and decided that the best approach 
to the problem was to develop means for 
generating heat along each side of the runway, 
sufficient to raise the temperature of foggy 
air by 7 deg. Fah., when experiments had 
shown that crystal clear visibility would 
result. Eventually, burners were designed 
which, when placed in two parallel continuous 
lines, 50 yards on each side of the normal 
50-yard runway, would burn 20 gallons of 
petrol each yard each hour when supplied by 
converted N.F.S. fire pumps at 100 Ib per 
square inch. It was soon proved that these 
would clear the densest fog, whether stagnant 
or drifting, This operation became known as 
** Operation ‘ Fido ’ ” and was fully described 
in THE ENGINEER (1945). Seventeen airfields 
were equipped in England and France 
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and assisted the landing of 2500 bombers 
under misty or complete fog conditions. 
* Fido’s”” greatest achievement was to enable 
Bomber Command to keep up its attack at 
the time of the Ardennes offensive in 
December, 1944, when almost the whole of 
its airfields were covered with fog for 
several days. 


GROWTH OF THE INDUSTRY DURING THE 
Past Sixty YEARS 


As has already been stated, the main 
market in the earliest days of the oil industry 
was for lighting oil or kerosene and though 
the widest possible fraction of crude was 
used, the refiner was often obliged to burn off 
surplus light spirit for which he could find no 
outlet. This was the position until about sixty 
years ago, when the internal combustion engine 
was first used to any considerable extent and 
so created a market for the surplus light 
spirit. During this period (see the diagram 
above) oil consumption has grown from 
8,000,000 tons a year to 650 million tons a 
year, that is more than eighty times, fairly 
reflecting how the availability of liquid fuels 
stimulated engineers to make advances in 
the design of oil and petrol engines. During 
the same period, coal consumption has 
increased from 500 million tons a year to 
1700 million tons a year, an increase of a 


little more than three times. Put in another 
way, the average growth in the use of oil 
has been 6} per cent per annum and of coal 
only 2 per cent per annum. 


PRESENT POSITION OF THE OIL INDUSTRY 


The early history and some of the develop- 
ments during the past century have now been 
described, and it is interesting to consider 
the present position of the industry and see 
what contribution it is making, although not 
yet 100 years old, to the world energy supply, 
remembering that the material welfare of 
the world is a direct function of the use of 
non-animalenergy. Another diagram on this 
page shows the world energy consumption, 
excluding U.S.S.R. and associates, in 1954, 
expressed as long tons of hard coal equivalent 
in the form of total consumption and 
consumption per head of the population. 
When considering these figures, it should be 
remembered that | ton of oil is equivalent in 
heat value to roughly 14 tons of coal, and 
in terms of heat value of coal, the total 
world energy consumption was more than 
3000 million tons. Of these, coal repre- 
sented 50 per cent and petroleum in the form 
of oil 32 per cent and in the form of natural 
gas, 10 per cent, making 42 per cent alto- 
gether, and leaving water power providing 
8 per cent. It will also be seen that energy 
consumption per capita (coal equivalent) 
was 8 tons in the U.S.A., 5 tons in the U.K., 
and 0-8 ton for all other parts of the world 
taken together. This remarkable growth 
of the use of oil has hardly ever been due to 
its price because on a British Thermal Unit 
basis, it is almost always more costly than coal. 
The growth in the use of oil is due to the fact 
that the industry has always been prepared 
to spend large sums of money in research 
and development into new processes in order 
to provide products best suited for each 
individual use. This is in direct contrast to 
the policy of the coal industry, which with 
very rare exceptions, has continued to sell 
what is essentially a raw material. The dia- 
gram overleaf, “‘ Main Products of Petroleum 
and Their Uses,” shows approximately 
to scale the main products now obtained 
from crude oil and the order in which they 
are produced from the crude. Starting with 
the lightest products at the top, it also 
differentiates between products used for 
transport and those used for other pur- 
poses. It is interesting to see that contrary 
to popular belief, only a little more than half 
the total—even including ships’ bunkers—is 
used for transport. It can well be appreciated 
from this diagram how much the advance- 
ment of engineering during the last fifty 
years has been influenced and, indeed, 
directed by the availability of oil. 

Modern methods have enabled the kero- 
sene, previously used almost entirely for 
lighting, now to contribute largely to the 
production of aviation turbine fuel, vaporis- 
ing oil for agricultural tractors and, to some 
extent, to the special boiling point spirit, 
such as white spirit, used in the paint industry 
for solvents and dry cleaning, and more 
recently for feed stock for petroleum chemi- 
cals. The light spirits previously burnt 
produce the motor spirit used in all petrol 
engines. The gas produced from straight 
distillation of the crude is now synthesised 
and blended with cracked spirit produced 
by residue cracking processes to provide the 
aviation spirit required for civil and military 
piston-engined aircraft. A large market has 
more recently been developed for using 
propane and butane as bottled gas for use in 
caravans, boats, and elsewhere, when a 
piped gas supply is not available. It is also 
used for the cutting of steel. 
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The next heavier fraction to kerosene js 
gas oil, and this produces fuel for the diese} 
engines used on rail and road, and for marine 
and stationary purposes. Very recently jt 
has been used by the coal-gas industry for 
the enrichment and augmentation of gas 
produced from coal. The straight run 
residue remaining from the distillation of 
gas oil, kerosene and light spirit from the 
crude has long been used as fuel for ships, 
both naval and mercantile, and is finding an 
increasing use in stationary power plants, 
steel furnaces, industrial heating plants and 
other such uses. The residue oil has also 
been processed for producing lubricating 
oil and, in recent years, gas oil, paraffin wax, 
lubricating oils and bitumen have all been 
produced from the fuel oil by vacuum dis- 
tillation processes. The gas oil so pro- 
duced augments supplies of straight run 
gas oil and the paraffin wax has long been 
used for candles and more recently for waxed 
papers for electrical insulation and many 
other uses. Bitumen (asphalt) has long been 
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used for road-making and repairing and for 
water-proofing. Very much work has been 
done in producing grades of bitumen best 
suited for the climatic conditions under 
which they are to be used and they have 
played a vital part in the development of 
highway systems. 

It was stated at the beginning of this 
article that oil has played an essential part 
in the development of all the engineering 
discoveries described in this section of the 
Centenary Number and sufficient has prob- 
ably now been written about the develop- 
ment of the oil industry and its present 
position to make this statement readily 
believed. Without the oil industry it would 
have been impossible to develop the internal 
combustion engines now so widely used, and 
road transport and aviation as we know it 
to-day would have been impossible. Internal 
combustion engines have made possible the 
development of civil engineering contractors’ 
plant such as bulldozers, graders, &c., and 
these have now made it possible to con- 
struct main highways straight across country 
and enable road systems which had pre- 
viously been built around hills and valleys 
to be straightened so as to cater for the ever 
growing demands of road transport. 

It has been seen that oil is a very large 
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scale industry, embracing a great range of 
activities: the finding, production and 
transportation of the crude oil, refining it 
and manufacturing a wide and ever growing 
range of finished products, transporting these 
by land and sea and delivering them to the 
consumer or retailer everywhere. In carry- 
ing out these activities, it also has to carry 
out road making, housing and ancillary 
services; to provide health and medical 
services, to encourage education and to 
co-operate with local governments. 

Its research programme is helping in the 
development of the petroleum chemical 
industry, which produces solvents, deter- 
gents, plastics and synthetic fibres, synthetic 
rubber, agricultural chemicals, glycerine and 
many other products, for example, dis- 
infectants, anti-freeze compounds and a 
whole range of pharmaceutical products. 

A word or two on the world oil reserves 
behind this great and expanding industry 
may be of interest. The proven oil reserves 
of the world were estimated to be about 
21,500 million tons at the beginning of 1955, 
an increase of 3200 million tons over that at 
the beginning of 1954 in spite of a production 
of 700 million tons during that year. The 
Middle East is credited with more than 60 
per cent of these reserves. Calculations of 
proven reserves are based on _ available 
technical data and refer only to oil that can 
be economically obtained from wells by 
existing production methods. There are in 
addition possible reserves based upon reason- 
able conjecture and which may be produced 
by deeper drilling (the deepest producing 
well in 1953 was 17,892ft). These might 
amount to 40,000 million tons. The world’s 
oil reserves are still large, but like all mineral 
products are wasting assets. The oil industry 
is paying much attention to developing the 
further reserves of natural gas, oil shales, 
tar sand and oil from coal by hydrogenation 
or the Fischer-Tropsch (synthesis) process. 


OIL AND OTHER INDUSTRIES 


Oil is very closely linked with many other 
industries, notably with steel. The almost 
uninterrupted increase in the output of 
Britain’s steel industry ever since the war has 
been in no small measure due to the greater 
use of oil fuel. The oil industry, being one 
of the largest users of steel for its tankers, 
pipelines and oil equipment of all kinds, has 
been one of the chief beneficiaries of the 
larger supplies that have become available 
and has used them to increase its output of 
oil. The steel industry is becoming an in- 
creasing user of oil for oil fuel in smelting, 
metal melting, welding and bending and forging 
of steel bars because of the close control that 
can be obtained by automatic means on 
temperature, the freedom from ash and the 
greater output of better quality work which 
results. The steel industry also uses petro- 
leum for cutting and quenching purposes. 

Oil has played a great part in the develop- 
ment of agriculture by making mechanisation 
possible. Before the 1914-18 war, very few 
tractors were available, but by the early 
1920s, their number had increased rapidly, 
particularly in the U.S.A. where there were 
half a million by 1925. At the outbreak of 
the second world war, there were 2,500,000 
tractors in use throughout the world and by 
1952 about 7,000,000. Oil alone has made 
possible the light general purpose tractor 
which has done so much to speed up produc- 
tion and eliminate much of the toil previously 
associated with agricultural practice. In 
addition to drawing an untiring plough 
capable of working round the clock if 
necessary, it will load manure, distribute 
fertilisers, pull trailers and harrows and use 





some sixty interchangeable implements for 
planting, mowing, sowing, post-hole drilling, 
With a power take-off, it is transformed 
from a mobile to a stationary power unit. 
Petroleum also assists agriculture by pro- 
viding improved insecticides and pesticides 
by providing kerosene and other iight oils 
as carriers instead of water for toxic substances 
and so making possible a much greater 
spread and ensuring an even quantity being 
distributed more effectively over a wider area. 
Petroleum is also used for weed killers, soil 
conditioners and for veterinary uses, where it 
has contributed largely to animal health. 
It is estimated that about 8 per cent of this 
country’s consumption of oil products, is 
used for agricultural purposes. 


LUBRICATION 


But petroleum’s most important contri- 
bution to industry is the provision of prob- 
ably 90 per cent of the whole of the lubricants, 
without which not only all the motor-cars, 
aeroplanes, ships and tractors driven by oil 
fuel, but also all the steam engines, electric 
trains and coal-fired vessels, would stop. 
Without oil to lubricate its machines hardly 
a single industry, however small, could survive 
and the industrial world would cease to 
exist. 

A hundred years ago the only lubricants 
available were of animal or vegetable origin 
and were called fixed or fatty oils because 
they could not be distilled. These oils were 
excellent lubricants when used by the methods 
then adepted of pouring on the bearings in 
what was called the “all loss” manner— 
that is, once only through the bearings. 
Owing to their tendency to combine with 
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oxygen and to undergo internal changes at 
higher temperatures, they could not be used 
under present-day conditions, which demand 
efficiency and economy. They have, how- 
ever, the great advantage of adhering to 
metals and forming durable adsorbed layers. 
Vegetable oils have a drying tendency, which, 
particularly in the case of linseed oil, makes it 
valuable for making paints, but bad for 
lubricatien, and the animal oils become 
rancid, objectionable to handle and active on 
certain of the metals in general engineering 
use. Castor oil, rape oil and many other 
vegetable oils were available. Lard, whale 
sperm and neat’s-foot oil were typical of the 
oils of animal origin which had proved 
valuable as lubricants. 

The petroleum industry provides a source 
of mineral oils having very good lubricating 
properties and the advantage over the fixed 
oils of being stable and resisting oxidisation 
both at normal and elevated temperatures. 
They are also chemically inert to all the 
metals used in engineering construction and 
can experience many cycles of heating and 
cooling without change of essential lubricat- 
ing properties. They have the great advan- 
tage of being able to be blended and their 
characteristics adjusted in the manufacturing 
processes to provide oil suitable for lubri- 
cating the finest instruments or the heaviest 
engineering plant. The availability of im- 
proved lubricants has made it possible to 
design engine gears and many forms of 
machinery with heavier bearing loads, thus 
enabling space and weight to be saved and so 
gaining great advantages in road, rail, marine 
and aircraft propelling machinery. 

It was early discovered that 5 or 10 per 





















































































































































































































































OTHER USES BASIC FRACTIONS TRANSPORT 
OF CRUDE OIL & ENGINE USES. 
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cent of the fixed vegetable oils could be 
blended with mineral oils so as to increase their 
adsorption. Probably the best early example 
was the combining of rape oil with mineral 
oil for the lubrication of main line steam 
locomotives. This has led to the development 
of a whole series of additives to mineral oils 
in order to provide the most suitable oil for 
any particular purpose. Additives have been 
used to develop oils with “ extreme pressure 
characteristics,” which are called E.P. oils. 
These oils have enabled gears to work satis- 
factorily with greatly increased pressures 
between the teeth. 

In conclusion, the essential part that the oil 
industry has come to play during the past 
century in the life of an industrial nation 
such as Britain may be summarised as 
follows :— 

It provides petrol and diesel oil for more 
than 4,500,000 cars, vans and other vehicles 
for carriage of passengers and goods. 

It provides fuel for every aeroplane, naval 
vessel and the vast majority of the merchant 
fleet. 

It provides fuel for the increased food pro- 
duction achieved in recent years. 

It provides oil fuel for the steel, pottery, 
glass and ceramic industries and improves the 
quality and output of their products. 

It helps the gas and electricity industries to 
increase their outputs. 


It provides lubricating oil for 90 per cent 
of the world’s requirements. 

Oil is now helping industrial life by pro- 
ducing literally hundreds of petroleum deri- 
vatives used in processing and manufacturing 
products as diverse as insecticides, synthetic 
detergents and also fibres, plastics, rubber, 
paint and artificial silks. 

The oil industry has spent, since 1947, about 
£200,000,000 in new equipment in Britain at 
refineries like Fawley, Grangemouth, Isle of 
Grain, Llandarcy, Shellhaven, Stanlow, &c., 
and has increased the refining capacity from 
2,500,000 tons a year to some 28,000,000 tons 
a year, and has thus made Britain the most 
important refining centre in Western Europe. 

During the first quarter of this year 
British engineering firms received orders for 
oil equipment and materials valued at 
£32,773,500, an increase of 40 per cent on the 
comparable orders for the previous quarter. 

British chemical firms also benefited from 
oil company orders to a total of £8,704,900. 

The oil industry has reached its centenary 
well prepared while meeting all the normally 
increasing demands for its products, to take 
over some of the burden of the coal and gas 
industries until nuclear power brings relief. 

The author wishes to acknowledge the help 
he has received from his former colleagues 
and to thank them for their assistance in 
preparing this article. 


Electricity 


By SIR CLAUDE GIBB, C.B.E., D.Sc., F.R.S.* 


O single thing has contributed more 

to our present high and ever-increasing 
standard of living than electricity. One 
hundred years ago electricity was little more 
than a scientific toy ; to-day, it is indispens- 
able in every walk of life in every country of 
the world where any measurable improve- 
ment in living standards is being made. It 
is so commonplace that seldom do we think 
how recently has electricity been available 
freely to industry, commerce and the home. 
At the start of the present century a power 
station with a total output of 1000kW was 
exceptional ; to-day there are many with 
outputs exceeding 1,000,000kW. An in- 
crease of one thousandfold in little over 
fifty years and a maintained doubling of 
demand every ten years or less is a rate of 
progress which has no parallel ! 

Electricity is outstandingly the most con- 
venient form of energy available to-day or 
ever likely to be so. It can be transported in 
large or small quantities over long or short 
distances at high efficiency and relatively low 
costs. But one of its greatest advantages is 
that, although to achieve maximum effi- 
ciency of generation it is produced in huge 
quantities, it can be tapped off and used at 
high efficiency in minute quantities or in 
** packets ” of any size. Thus electricity has 
revolutionised both industry and the home. 
It has taken the drudgery out of many jobs 
previously requiring great physical effort, 
and the transition from a luxury to an essen- 
tial category in so many operations is 
remarkable. It is certain that a continuation 
of the extension in the use of electricity will 
go on at an ever-increasing rate. 

One hundred years ago the only power 
available to industry was the steam engine 
and boiler with a coal consumption some 
five to ten times that by which the equivalent 
power is now provided by an electric motor. 
That engine drove line shafting whence the 
power was transmitted by, belt or rope to where 
* Chairman and Managing Director, C, A. Parsons and Co., Ltd. 





it was needed. The inefficiency of that system, 
the dangers inherent in belt and rope drives, 
the difficulties of providing handling equip- 
ment, the impossibility of providing good 
working conditions as we know them to-day 
—all have been swept away by the electric 
motor. 

Only by greater annual production per 
man in industry can standards of living be 
improved, and only by greater usage of 
electricity in industry can that increase in 
production be achieved. That statement is 
not one of opinion, but of well-proven fact. 
A typical modern power station in a highly 
developed industrial country to-day generates 
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power equivalent to half a million kilowatts 
or more and utilises the coal, which often js 
of poor quality, with an efficiency of 30 per 
cent or better. It is not often realised that 
present-day power station boilers can be and 
are designed to burn coal of such high ash 
content that otherwise it is almost unsale. 
able. The extending use of electricity under. 
ground in coal mines for coal cutting and cop. 
veying has resulted in a greater proportion 
of small coal of high ash content, and reduced 
the amount of good-quality coal available 
for home and factory and in turn led to a 
marked increase in the electricity demand, 


ELECTRICITY IN HOME AND FACTORY 

An improvement in human living standards 
is effected in several ways. The elimination 
or reduction of drudgery in the factory and 
home is one way, but an improvement in 
comfort standard in the home is always of 
great importance. This latter invariably 
means a general raising of background 
temperature in cold weather in temperate 
climates, and a reduction of temperature and 
humidity in the tropics. In the tropical 
home it is only with the advent of electricity 
that air conditioning has become readily 
possible. Living and sleeping rooms may be 
kept comfortably below the normal outside 
temperature by cooling the incoming air 
with refrigerating plant, which at the same 
time reduces humidity. The household food 
and drink may also be kept at a low enough 
temperature to keep it safe for consumption. 
Many millions of refrigerators have been 
installed in all parts of the world for this 
essential service. (Even in Greenland food 
has to be kept warm enough by refrigeration !) 
All this equipment has played no small part 
in Colonial and Empire development. It 
required electricity where none existed and 
with the coming of power stations industrial 
development became possible. 

Electricity has made possible the more 
extended use of electricity. Without the 
extensive use of electricity in the factory 
mass production and therefore low-cost 
production would not have been possible. 
Without it vacuum cleaners, washing ma- 
chines and the scores of other adjuncts to a 
high standard of living could not be pro- 
duced at prices which the average man could 
afford. Mass production reduces costs not 


Fig. 1—Modern machine shop with individual motor drives to the machine tools 
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Fig. 2—The turbine hall of a typical Central Electricity Authority power station 


so much because of materials saving, but by 
drastic reduction of labour costs. Handling 
charges add nothing to the value of a pro- 
duct, but may add considerably to its cost ; 
hence automatic movement between opera- 
tions and during assembly can be important 
in eliminating or reducing an item of cost 
which is of no value to the product. Indi- 
vidual electric motor drives to presses, machine 
tools (Fig. 1), winding machines and other 
tools which replace hand work have speeded 
up production by building more power 
into each operation, whether for material 
removal as in machining, for multiple instead 
of individual stamping and, in textile and 
papermaking, for higher speeds. But prim- 
arily the change from belt to moior drive, 
‘with its faster production’ demanded and 
enabled conveyor movement of raw materiais, 
component parts, swarf, and finally the 
finished and tested product. These first 
reductions in manufacturing costs stimu- 
lated sales, increased demand and enabled 
further economies to be made by the bigger 
output justifying more extensive tooling of 
plant, the introduction of automatic or 
special-purpose machines leading eventually 
to “ automation.” 


AUTOMATION 


Very large numbers of a particular compo- 
nent or product are required before the high 
capital cost of a special installation can be 
justified, and the design of the product 
must have been fully developed and stabilised. 
But when those conditions hold, it is possible 
so to design and plan the production of a 
complicated component or even complete 
article that practically no human hands 
touch the product other than to feed from 
raw material stores to the beginning of the 
production flow line and from the end of 


it to the despatch vehicles. ‘‘ Programmed 
factory control,” or “automation” will 
be an inevitable and essential development 
in many industries consequent upon an ever 
increasing standard of living. This is not 
the place to begin an essay on elementary 
economics, yet there are so many who even 
yet do not accept the simple yet inescapable 
fact that the only way for everybody to have 
a bigger slice of cake is to have a larger cake. 
That larger cake can only be made by in- 
creased output per man-year, and electricity 
more than any other thing will make that 
increased output possible. 

To prepare for automation and the in- 
creased standard of living we all desire so 
ardently to see and have, there must be a 
drastic change in our approach to education. 
Automation means more scientists, more 
engineers, more skilled tool and machine 
designers and makers and less _ unskilled 
labour ; these all add up to a higher standard 
of general and technical education. The 
openings in industry for technically trained 
men are several times the available supply 
today and unless the supply can be increased 
rapidly that position will worsen, and im- 
provements in living standards be delayed. 


ELECTRICITY AND THE STANDARD OF LIVING 


When will Governments and people gener- 
ally realise that the niceties of life—in other 
words an improved standard of living—can 
only be paid for out of production and still 
more production ? Increased output per 
man-year is the basis of any reduction in 
working hours with more money to spend 
on greater leisure time. And it is through 
electricity that the maximum increase in 
output will be obtained. If the annual 
consumption of electricity, per head of 
population ii a dozen countries is tabulated 
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and compared with the standard of living 
in those countries, it will be found to agree 
except in a few cases where a particular 
country has some especial advantage in 
natural resources. Electricity consumption 
per head of population is a measure of living 
standards not only between countries but 
between individual families in any country. 
These facts are so plain to anyone who has 
made a study of them, that they find it 
difficult to understand those who are not 
wholeheartedly in favour of extending the 
use of electricity in the factory, in the home 
and in every walk of life. Governments, 
executives, managers, workmen, housewives 
—all must realise the vital part which elec- 
tricity will and must play in our life. 


TURBO-GENERATORS 


The growth in the use of electricity has 
brought many problems to the designers 
of electricity generating plant and that wide 
field of associated equipment concerned 
with its control, transmission and utilisation. 
The steam raising equipment in modern 
thermal power stations with pressures exceed- 
ing 1000 Ib per square inch and temperatures 
of 1000 deg. Fah. or more have demanded 
of metallurgists and forgemasters larger 
and thicker walled steam drums produced 
under carefully controlled conditions with 
rigid inspection at every stage. Superheater 
tubes and steam piping in alloy steels, turbine 
casings of double walls and considerable 
complexity have all called for the utmost 
ingenuity of engineers in design, manufacture 
and operation. Larger and larger turbo- 
generators (Fig. 2) have been required and 
this trend has enabled higher and higher steam 
pressures and temperatures to be used, with 
consequent reductions in the amount of 
coal consumed to produce a unit of electricity, 
In 1884 when the first turbo-generator was 
built a unit of electricity required 22 lb of 
coal burnt in the boiler to produce it. By 
1900, improvements had reduced that figure 
to 3lb, but today, appreciably less than 
1 1b of inferior coal is required to produce 
one unit of electricity. 

Turbines of an output of 200,000kW and 
utilising a steam pressure of 2350lb per 
square inch are already under construction 
in Great Britain, whilst a unit of 275,000kW 
at 5000 1b per square inch steam pressure 
is being manufactured in the United States 
of America. The majority of modern high 
pressure, high temperature turbines still 
further increase their thermal efficiency by 
reheating of the steam after partial expansion. 
Further improvements in fuel economy are 
possible by making still further demands 
upon the metallurgist, the forgemaster, the 
steel founder, and the skill of the designer 
and manufacturer. Yet the economics of 
these possible improvements depend largely 
upon the amount of the considerable 
additional cost resulting from the extensive 
use of special steel alloys in the boiler, 
turbine and steam piping. 

The increased size of prime movers 
demands, for the efficient generation of elec- 
tricity, generators of equivalent size. De- 
velopments in the application of hydrogen 
cooling have provided just this answer. 
Initially hydrogen gas was applied at about 
atmospheric pressure and now designs are 
available with working gas pressure of 30 lb 
per square inch with appreciable increase in 
output without exceeding tolerable physical 
dimensions and weights of individual parts. 
Still further increases in output are made 
possible by designs whereby the gas is 
passed through and in direct contact with 
the rotor and stator conductors—designs 
which are designated “‘ inner cooled.” These 
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Fig. 3—Generator transformers at a Central Electricity Authority power station 


latest developments in generator construc- 
tion have raised the output of single machines 
to well over 200,000kW. 


POWER TRANSMISSION 


In parallel with advances in power plant 
there has been considerable and no less 
spectacular progress in the field of power 
transmission. Electricity in an alternating 
current form can be conveniently transformed 
and transmitted at voltages suited to the 
amount of power involved. The well-known 
* grid scheme ” is an example of this facility, 
and when launched in 1927 its primary 
objective was to interconnect at 132,000V 
major power stations to ensure security of 
supply with a minimum of spare generating 
plant. The war years showed clearly the 
benefit of this scheme of interconnection 
when the continuity of electricity supply was 
outstanding. The spare generating capacity 
was of the order of 70 per cent of an installed 
capacity at the inception of the grid ; this 
figure was reduced to less than 25 per cent 
after a few years’ complete operation. 

The rapid expansion of the electricity supply 
industry after the war with its high maximum 
demana and much larger capacity power 
stations made further extensions in the 
existing 132,000V grid both difficult and 
costly. At this stage a decision to build a 
Supergrid was taken and to-day the country- 
side is linked by main trunk overhead lines 
capable of transmitting blocks of power of 
the order of 500,000kW at 275,000V. The 
commissioning of the Supergrid will take 
several years to complete, and when this is 
achieved the supply industry in this country 
will have the largest interconnected system 
in the world to supply the needs of industry, 
commerce and the home. The benefits which 
accrue from a large national project such as 
the Supergrid are many and widespread. 
Primarily the additional interconnected trunk 
lines will give a greater margin of security 
and will substantially reduce the spare 
capacity of capital plant. It will also enable 
the supply authority to use the most efficient 
power stations to supply the electricity 
demand. 

The cost of coal at a power station varies 
widely with its location, and the low oodsts of 
bulk transmission of power at 275,000V will 
lead to a reduction in the amount of coal 
moved by rail, since it can be shown that it 
is more economical to transmit electricity if 
the rail haulage distance exceeds about 50 
miles. It would be expected that as a general 
policy more and more very large power 
stations will be built near coalfields, their out- 


put being transmitted to the load areas through 
the Supergrid. In fact, this pattern of power 
generation, if pursued, will eventually make 
it an economical proposition to construct 
even higher-voltage lines—380,000V has been 
mentioned—to serve as the main trunk trans- 
mission for large blocks of power from the 
coalfields to the load centres. British 
manufacturers have expanded their factories 
to supply the necessary equipment—over- 
head lines, switchgear and transformers—to 
meet the demand for 275,000V transmission, 
and the experience gained in design, manufac- 
ture and operation is proving a valuable 
asset in undertaking similar work for export. 


TRANSFORMERS 


The growth of electricity supply has 
naturally brought a demand for larger three- 
phase transformers at extra-high voltages 
(Fig. 3). Apart from the insulation techniques 
which have been developed to keep pace with 
increasing voltages, the major problem in 
obtaining high outputs is the physical size 
and weight of a three-phase transformer, 
which is probably the largest indivisable 
load met in electrical engineering. The 
improvement in the magnetic performance in 
electrical sheet steels has enabled the design 
engineer to work at higher flux densities with 
consequent reduction in the core weight and 
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Fig. 4—132kV, 2500MVA air-blast switchgear 


physical size for a given transformer. Reduc- 
tion in overall weight by advances in mech- 
anical design of clamping structures and 
tank fabrications have also contributed. The 
limitation in the weight which can be 
handled by railways and roads is now reached, 
but fortunately this will not prove a deterrent 
to the larger sizes of power station plant, 
since it is possible, at increased cost, to divide 
the transformers into separate single-phase 
units. The present pattern of worldwide 
developments in bulk transmission of power 
at extra-high voltages shows clearly that in 
this field no retarding influence may be 
expected in the natural progress and ex- 
ploitation of electricity. 


TRANSPORT 


It is paradoxical, in such an industrial- 
minded country as Britain, that electricity 
makes such a minor contribution to trans- 
portation. It is, of course, true that the 
movement of suburban traffic in highly 
populated areas would be impossible without 
electrification but it is only in these areas 
that electricity is playing any appreciable 
part. Main line electrification is long overdue 
and recent forward plans for major recon- 
struction of the British Railway system, 
including main line electric traction, are 
very welcome. Out-dated steam locomotives 
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Fig. 5—Short-circuit testing station for proof testing switchgear 
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consume about 10,000,000 to 14,000,000 
tons of coal each year with a fraction of the 
efficiency of a modern power station. The 
application of electricity to the railways will 
release annually a considerable bulk of good 
quality coal. Apart from the obvious 
benefits which will accrue from the reduction 
in smoke and grime at present an inherent 
by-product of the railways, electrification 
will provide an improved service of fast, 
comfortable trains with operating crew 
quarters more in line with the best modern 
factory conditions. Enormous capital 
expenditure is involved in main line electri- 
fication which cannot be obtained from the 
revenue from the present system. Neverthe- 
less, in other countries railway electrification 
has been a financial success and there 
appears little doubt that a comprehensive 
scheme could be developed into a sound 
investment. 

The technical problems involved in the 
application of electricity to railway elec- 
trification are highly controversial subjects. 
Whether electrification should go ahead 
with 1500V or 3000V d.c. overhead systems 
with the rectifier substations located at 
intervals along the rails, or whether high- 
voltage, single-phase a.c. systems should be 
used whereby the rectifier equipment is 
transferred to each locomotive and the 
whole supply to the railway is given at power 
frequency from orthodox a.c. substations, 
are some of the technical aspects which must 
have consideration. Whatever form of 
supply is adopted electricity will provide the 
main motive power, probably supplemented 
by gas turbine driven locomotives for special 
duties. 

HEATING 


Where an industrial process requires a 
form of heat which can be quickly applied 
and precisely controlled, electricity is the 
answer. The use of electricity for industrial 
heating-is now becoming widespread. In 
non-ferrous and the steel industries more 
and more use is being made of this form of 
heat. Arc furnaces for melting steel scrap 
with an electrical input of 15,000kVA 
to 20,000kVA are now commonplace, 
and special steels for the tool-making 
industry are invariably produced in high- 
frequency induction furnaces. The ad- 
vantages of electricity in such industrial 
applications are broadly twofold. It enables 
processes to be monitored under controlled 
conditions and invariably shows in the 
finished product an overall saving in fuel 
cost. Electricity is now being employed for 
heating non-metallic materials by dielectric 
loss generated within the material by the 
application of a suitable high-frequency 
voltage. This process is finding many 
applications in the plywood and veneer 
industries. 

For domestic purposes electricity forms a 
safe and convenient way of supplying heat 
at the time required. In this field, however, 
the growth of electricity is not as spectacular 
and there is still controversy on the most 
efficient method of providing heat for 
domestic purposes. If the problem of atmo- 
spheric pollution is to be solved within a 
measurable time there is little doubt that 
solid fuel appliances in the home must 
disappear. With more abundant electricity 
available this tendency might well become a 
national policy whereby solid fuel is con- 
sumed under controlled conditions in large 
power stations and the domestic heating 
load is taken over largely by the application 
of electricity. 

One form of heating which is making 
progress is the use of electricity for space 
heating in commercial buildings. The obvious 





advantage of thermal storage methods if an 
attractive night tariff is available will lead to 
considerable expansion in this field. The 
capital expenditure involved in the applica- 
tion of thermal storage heating to domestic 
properties is a deterrent which is being 
reduced by underfloor or embedded heating 
cables and is growing in favour rapidly for 
new buildings. 
LIGHTING 

Electricity reigns supreme in the field of 
lighting whether it be in the home or in 
industry or on the highways. People are 
becoming more and more light-conscious, 
demanding at work and during their leisure 
hours the bright cheerful conditions made 
possible by electricity. Industry now appre- 
ciates the advantages to be gained in applying 
modern tubular fluorescent lamps. The 
capital outlay on fluorescent lighting schemes 
is usually greater than other sources, such as 
tungsten, but the increased life of the 
fluorescent lamps and their appreciably 
greater light output makes their application 
an overall economic proposition. Cold- 
cathode fluorescent lamps have even better 
characteristics than the more orthodox hot- 
cathode type, but the former may, on account 
of the high discharge voltage used, initially 
cost more to install. In road and street 
lighting, applications of high-pressure mer- 
cury and yellow sodium discharge lamps 
still remain the major sources of illumination 
on main thoroughfares. Much research 
work has been done to establish the relative 
merits of these two forms of lighting. 


AGRICULTURE 

One outstanding contribution made pos- 
sible by the integrated British supply industry 
under nationalisation is the ever expanding 
supplies of electricity now available to 
agriculture. Electricity is doing much to 
arrest the drift of population from rural 
to urban areas by providing in the country- 
side amenities enjoyed by the town dweller. 
Again electricity is, in its various applica- 
tions to farm work, assisting food production 
to reach the desired level of productivity. 
Annually, the expansion of the electricity 
industry is permitting the connection of 
about 10,000 farms to public supplies in 
addition to a much greater number of rural 
houses. Under these conditions, farmers 
are enabled to take advantage of many 
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labour-saving devices which allow them to 
direct their labour force to more essential 
tasks in the farm or the fields. It has been 
estimated that the present number of farms 
supplied by electricity from power systems 
is just less than half the total in Britain, so 
that future expansion in the use of electricity 
in this field is ensured for some years. It 
should be remembered, however, that as more 
and more supplies are made available, the 
remainder are becoming more difficult and 
more costly to connect, and it is here that 
much research and ingenuity is being applied 
to reduce the capital cost of such remote 
connections. 


CONTROL EQUIPMENT 

Control equipment for the great blocks of 
electricity now in common use must be 
capable of interrupting supply in six hun- 
dredths of a second if safety of generating 
plant is to be assured, Figs. 4 and 5. The 
development of circuit breakers capable of 
doing this is a story in itself. To improve the 
capabilities of circuit breakers under system 
fault conditions, huge testing stations have 
had to be designed and built. The electricity 
industry has been outstanding in all industries 
in the application of science in fundamental 
research and in the incorporation of research 
results into current designs and manufactur- 
ing techniques. Advanced nations have 
installed research and development tools, 
in some instances costing over £1,000,000, 
to further the extension of electricity in the 
service of man. These tools, and the equip- 
ment they evolve, call for more and more 
scientists, engineers and craftsmen of greater 
skill. They call for a change in the emphasis 
of education, for a change in our whole 
approach to living. Without the skill of the 
engineer, the greater use of electricity with 
its consequent improvement in living stan- 
dards must be delayed. 

Electricity as the servant and helpmate 
of man has contributed more to human 
comforts than any other factor during 
the century through which THE ENGINEER 
has been published. In the next century its 
contribution will be even greater, whether 
it be generated by water power, coal or oil or, 
as is most likely, by the heat produced by 
nuclear fission. THE ENGINEER will report 
faithfully its progress and in so doing report 
the progress of the human race. 


Nuclear Power 


By SIR CHRISTOPHER HINTON, F.R.S., M.A., M.I.C.E., M.I-Mech.E., M.I.Chem.E.* 


EVELOPMENTS in nuclear physics 
reached a climax early in 1939 with the 
discovery of nuclear fission, and in so doing 
threw out a challenge to the engineer, the 
extent of which even now, sixteen years later, 
it is difficult to gauge. During the early 
years of the century there had been a steady 
accumulation of knowledge about the atom, 
about radioactivity and the relationship 
between mass and energy. There had been 
speculation as to whether a method could be 
found of releasing the large amounts of 
energy locked up in the atomic nucleus ; 
but, despite success in bringing about nuclear 
reactions by the bombardment of nuclei with 
accelerated charged particles, the chances 
of causing such reactions were so slight that 
more energy was used up accelerating the 
particles than was obtained from any 
reactions thus produced. 
Then came the discovery that a thermal 
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neutron could induce fission of the uranium 
atom with the release of approximately 10% 
times as much energy as that possessed by the 
incident neutron, and also, of great import- 
ance, the reaction was accompanied by the 
ejection of further neutrons. This at once 
offered the possibility of producing a self- 
sustained chain reaction in which the 
neutrons ejected from one fission process 
might be induced to cause further fissions 
and so on, all this accompanied by the 
release of tremendous amounts of energy in 
the form of heat. It was evident that if, from 
each fission of a nucleus, on average more 
than one of the neutrons ejected could be 
made to cause further fissions the rate of the 
reaction would increase rapidly, whereas if 
for every fission event one only of the ejected 
neutrons was made to cause further fissions 
a steady state reaction could be maintained. 
The first of these possibilities offered the 
chance of developing the atomic bomb ; the 
second, the controlled reaction with the hope 
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that practical methods could be found for 
harnessing the energy produced. Since the 
afternoon in December, 1942, when the first 
experimental atomic pile began to operate at 
the University of Chicago, it has been amply 
demonstrated that both the rapidly multiply- 
ing reaction and the controlled reaction are 
feasible, and we in this country are now on 
the very threshold of producing useful electrical 
power from a nuclear reactor. 

Developments in the last decade have been 
so rapid, with many of them shrouded in 
secrecy, that engineers trained in the more 
traditional disciplines of engineering have 
had little opportunity of recognising the 
scope of engineering in this field, and nuclear 
engineering has come to be regarded by many 
as a highly specialised type of engineering 
closely linked to nuclear physics. This is far 
from true, and in order to exploit the oppor- 
tunities revealed by the physicist, all branches 
of engineering and science must play their 
part. Indeed, the true nuclear engineer, far 
from being a specialist, must be prepared to 
work over a very wide field. 

In order to comprehend the effect these 
discoveries in nuclear physics have had on 
engineering practice, and what they might 
have in the future, it must be realised that the 


Fig. 1—Fuel element can 


engineer is faced with two categories of 
problem which are very closely interwoven 
and cannot be entirely separated. In the one 
category we have a series of ever-expanding 
technological developments which, although 
necessary to exploit the discoveries of the 
nuclear physicist, can be understood by the 
engineer without reference to nuclear physics. 
These developments touch and overlap the 
developments in other forward moving 
spheres of engineering, such as the gas 
turbine and aircraft industries. Examples of 
such developments are the use of liquid metals 
on a large scale as heat transfer media and 
the many technical problems that have had 
to be solved to build gaseous diffusion plants 
for the separation of uranium-235 from 
uranium-238, plants which need to be com- 
pletely vacuum tight and which demand the 
application on a plant scale of techniques 
that until a few years ago would have only 
been found in the laboratory. The second 
category of problems is entirely new and to 
understand these we must return to the source 
of nuclear energy, i.e. nuclear fission. As 
stated earlier, an important feature of the 
fission of a uranium nucleus is that during 
the fission process further neutrons are 
ejected. In this process 83 per cent of the 
energy released is in the form of kinetic energy, 
carried by the fission fragments, which almost 
immediately appears as heat ; 3 per cent is 
carried by the neutrons that are released ; 
3 per cent emerges as instantaneous electro- 
magnetic (or gamma) radiation and the 
remaining 11 per cent appears as radiation 
energy during the radioactive decay of the 
fission products. Now, although on average 
2-56 neutrons are produced when a uranium- 
235 nucleus is split and only one of these is 
required to maintain the reaction, it is by no 
means easy to make sure of this, for neutrons 


can be lost to the reaction by absorption in 
the reactor core and by escape from the 
reactor surface. For example, in a natural 
uranium reactor where graphite is used as a 
moderator to slow the neutrons down to 
thermal energies a typical balance sheet is 
made up as follows :— 


TABLE I 
Neutrons produced in fission of uranium-235_and in 
fast fission shel atc eons es 
Neutrons carrying on the chain reactions 
Neutrons absorbed in uranium-238 to produce 


plutonium is « Rik, abanciane’. “Kee! Agkucwiee 
Neutrons absorbed in uranium-235 to produce 
uranium-236 ehh keh. eee aes. oe ae 
Neutrons absorbed in the moderator... 
Neutrons absorbed in structural materials 
Neutrons escaping from the core 
Excess neutrons ... ... ...  ... 


2°56 


It will be noted that, excluding the neutrons 
carrying on the reaction and those absorbed 
by the fuel and the moderator, the excess 
neutrons available for control are only 124 
per cent of the remainder. It is obviously 
vital that materials are not used which would 
mop up this small percentage, and for other 
types of reactors it can also be shown that 
for economic use of the fissile material 
neutron economy is a vital feature of design. 

Thus, in harnessing the fission process 
the engineer finds himself faced with several 
entirely new factors, quite apart from those 
due to the magnitude of the energy release, 
which affect far more than the design of the 
reactor itself, and which become dominating 
factors in his design considerations. 

They are : 

(1) The problem of neutron economy in 
reactors. 

(2) The fact that a reactor is a vigorous 
generator of fast neutrons and high-intensity 
gamma radiation. 

(3) The fact that the products of the 
fission process are intensely radioactive and 
any subsequent processing or disposal has 
to take this into account. 

A fourth factor arises when processing 
or handling high concentrations of fissile 
material : 

(4) Inadvertent critical assemblies must be 
prevented. 

Thus, besides giving a tremendous impetus 
to scientific and engineering developments 
in many fields because of the discovery of a 
new source of energy, the developments in 
nuclear physics have presented the engineer 
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with several new considerations which myst 
be fed into certain of his design optimisations 
if he is to make a reactor work or to make jts 
associated plants safe to operate. 


NEUTRON ECONOMY 


Reference again to Table I, which shows 
what happens to the neutrons that are ejected 
by the fission process in a natural uranium, 
graphite-moderated reactor, reveals clearly 
that neutrons can be absorbed or lost in 
many ways before they have a chance to 
initiate a fission event themselves. It there. 
fore becomes apparent that in selecting 
materials of construction for the reactor core, 
the coolant, the moderator, &c., and in 
specifying the maximum impurity content 
that can be tolerated in these and in the 
uranium itself, an over-riding factor, and 
an entirely new one for the engineer, that 
has to be considered, is the extent to which 
the elements concerned are neutron absorbers, 
The significance of this can best be under- 
stood by reference to the problem of canning 
solid uranium fuel elements. 

In the fission of the uranium nucleus by 
a slow neutron the fission fragments lie 
generally in the mass number range 95 to 
139, and some of them are associated with 
high levels of radioactivity. Because of this 
it is usually undesirable to allow them to 
pass into the coolant stream and, therefore, the 
uranium bars are sealed into cans (Fig. 1). In 
order to make use of the heat that is produced 
by the fission process it is obviously desirable 
to run the reactor core at as high a tempera- 
ture as possible. The can therefore needs 
to be of a material that will withstand a high 
temperature and, as the heat is generated 
within the uranium itself, a high temperature 
gradient across the wall. In a_ similar 
problem of heat transfer through a tube wall 
to a coolant in more orthodox fields, the 
engineer would make his choice after con- 
sidering the compatibility of the tube 
material with the fluids it was in contact 
with, the temperatures and stresses it would 
be subject to, the ease of manufacture, &c., 
and ultimately his choice would to a large 
extent be an economic one. In a reactor 
the additional factor of neutron economy 
is paramount and to meet this requirement 
the engineer is forced to use materials that 
are poor absorbers of neutrons. In the 


Fig. 2—No. 1 reactor, Calder Hall, showing pile vault and shielding 
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thermal reactor this means that he must at 
resent use either aluminium or magnesium, 
and the maximum temperature at which the 
reactor can be operated is limited by this 
choice. Even having done this his problems 
of canning are not over, for, though alu- 
minium is a poor absorber of neutrons com- 
red with, say, stainless steel, it does absorb 
some neutrons and the amount used must 
therefore be kept to a minimum. The 
endeavour then is to make the lightest 
ssible can that will give good heat transfer 
and will be completely gas-tight when sealed 
and remain so, in the reactor, during a period 
of operation which may be as long as 
five years. Even the method of manufac- 
ture of the can must be examined from the 
viewpoint of neutroneconomy. For example, 
lithium halides frequently form part of the 
flux mixture for brazing aluminium, but as 
lithium 6, which is present in natural lithium 
to the extent of about 7-5 per cent, is a very 
high neutron absorber, any such process 
may well have to be ruled out of the method 
of can manufacture. Again, if a can is 
drawn as a tube, then the lubricants used in 
the drawing operation need to be scrutinised. 
In setting specifications for the impurity 
levels in materials to be used in nuclear 
reactors the absorption cross section, or 
ability of these impurities to capture neutrons 
must be taken into account, and frequently 
these values fix the permissible level of these 
impurities. This represents a new departure 
in extraction metallurgy since the normal 
levels of impurities in metals are usually 
determined by the economics of extraction 
or the use to which the metals are to be put 
in normal practice. The whole process of 
uranium extraction and purification is in- 
fluenced by this fact, and a basic difference 
between the Springfields Works where uran- 
jum is processed and any other chemical 
plant where there are certain toxic risks is 
that in the former metal is being produced on 
a large scale to a specification in which 
impurities are set at parts per million. 


IRRADIATION IN NUCLEAR REACTORS 


The second of the entirely new factors 
associated with the nuclear fission process 
which has been mentioned is that account 
must be taken of the fact that the nuclear 
reactor core is a source of high-speed neutrons 
and it is permeated with high intensity gamma 
radiation. This means that materials in the 
reactor core and surrounding it are subjected 
to intense neutron bombardment. The 
isotopes of some elements exposed to this 
treatment may suffer nuclear changes with 
consequent transmutation, becoming radio- 
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active in the process. This fact is made use 
of in the production of radioisotopes in the 
Harwell piles, suitable elements being ex- 
posed for controlled periods to the high 
neutron flux in the reactor core. Other 
materials may, because of this bombardment 
of their nuclear structure, change their 
physical properties completely. In this 
field a tremendous and laborious amount 
of work has yet to be done in order to 
find out what happens to the materials that 
might eventually be used in nuclear reactors, 
and this work should have a marked influence 
on the subsequent use of materials for power 
producing reactors. 

It is this feature of high neutron flux and 
high intensity gamma radiation that makes it 
impossible for a man to enter a reactor 
while it is in operation even if operated at a 
very low temperature, and why he has to be 
shielded from it when outside. Even if the 
uranium is discharged from the reactor 
sufficient residual radioactivity remains, 
due to some of the structural materials 
having become radioactive by the neutron 
bombardment, to prevent proper access. 
The effect this has on engineering design 
cannot be too strongly 
emphasised, as inspec- 
tion of the interior of 
the core becomes well- 
nigh impossible and 
it therefore places con- 
siderable emphasis on 
the reliability of con- 
struction materials and 
fabrication techniques. 


The problem of plac- 
ing biological shield- 
ing around a nuclear 
reactor to reduce the 
neutron and gamma 
radiation to a tolerable 
level is an important 
one and in a large re- 
actor can involve major 
civil engineering work, 
Fig. 2. Asarough rule 
each foot of concrete 
reduces the radiation 
level by a factor of 
ten. The shield for 
Harwell’s _B.E.P.O., 
for example, contains 
6-5ft of heavy barytes 
concrete, and 6in of steel and this reduces 
the radiation level by a factor of 10°. It 
must, however, be borne in mind that the 
purpose of shielding is to protect persons 
working at or near the reactor not to shield 
the reactor itself, and therefore it is not 
always necessary to shield completely areas 
where a man does not need to work and 
which he can be prevented from approaching. 
For example, suppose we intend to cool a 
thermal reactor with carbon dioxide, as is 
being done in the power reactors being 
built at Calder Hall. The coolant must 
pass through the reactor core and it is, 
therefore, subjected to neutron bombard- 
ment as it does so. The effect of this is that 
some neutrons take the places of protons in 
the oxygen-16 nucleus, forming nitrogen-16, 
which is unstable, and the coolant becomes 
gamma active. Now the coolant must pass 
from the core to the heat exchanger and 
back via a gas main, and as it is radioactive 
it might be thought that the best place for 
such a main would be within the reactor 
shield. On the other hand if valves are 
required on the main they need to be acces- 
sible for maintenance and, as access to the 
main shield would be difficult, it is desirable 
to keep such fittings outside. Suppose that 
a straight length of main S5Oft long outside 
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the main shield is contemplated. When the 
reactor is in operation, after a short period 
of time corresponding to several half lives 
of the coolant activity, as many active nuclei 
will be produced in each second as decay 
and the activity in the system will be stable. 
If the circulation time for the coolant outside 
the reactor core is short compared with the 
half life of Ny. (7-5 seconds) the activity will 
be substantially constant, if it is long then it 
will vary round the circuit. For this example 
we will assume it is short. Then from a know- 
ledge of the total volume of the coolant, 
the volume of coolant in the reactor core, 
the mean activity flux in the core and the 
macroscopic activity cross section of the 
coolant it is possible to calculate the mean 
activity of the coolant. A realistic example 
gives about 140 disintegrations/cm*/sec. In 
about 70 per cent of the disintegrations a 
gamma photon is given off and the energy of 
these photons is about 6-5 MeV. 

The effect of this is as shown in Fig. 3. At 
the gas main surface the level of radiation is 74 
times the maximum permissible level (M.P.L.), 
i.e. a man who remained there throughout 
the working day would receive a radiation 





Fig. 4—Shielded radioactive liquid mains—chemical separation plant, Windscale 


dose 74 times the maximum normally 
allowed, whereas 12ft away it is equal to the 
M.P.L. In order to reduce the level of 
activity to 1 M.P.L. at the pipe it would have 
to be encased in 10in of concrete. This small 
example is typical of many shielding prob- 
lems. Obviously a number of courses are 
open to the engineer. If the main runs 
horizontally, say 20ft or more above the 
ground, then, subject always to control on 
painters and other maintenance workers, no 
shielding is necessary, Fig.4. Ifthe main is at 
ground level either the main can be cased or 
an area 12ft either side of it can be fenced 
off. Even if staff have to carry out occasional 
operations closer to the main than 12ft when 
the plant is running, the fence would still be 
adequate if a limit was placed on the time a 
man spent in the fenced area. 


RADIOACTIVITY OF FISSION PRODUCTS 


As already pointed out, a significant pro- 
portion of the energy released by the fission 
of a uranium-235 nucleus is made up of the 
radioactive decay energy of the fission pro- 
ducts, some of which go through several 
stages of decay with the emission of beta 
and gamma radiation. Although some of 
these fission products have very short half 
lives, varying between a few seconds and a 
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Fig. s—Construction of Calder Hall cooling tower, No. 1 reactor, turbine hall, office block and No. 2 reactor, 
looking from left to right 


few days, a representative sample of fission 
products after several months’ “ cooling ”’ is 
still sufficiently radioactive to make it neces- 
sary to protect anyone approaching it, by a 
biological shield of concrete or lead. Thus 
chemical processing of the reactor fuel 
after it has been used in a reactor cannot be 
carried out by straightforward methods in an 
unshielded chemical plant. 

It may be wondered why anyone should 
want to process used fuel and why it is not 
just treated as waste. The answer is that, even 
though the fissile content of natural uranium 
(i.e. uranium-235) amounts to only 0-7 per 
cent of the total, the remainder being almost 
entirely uranium-238, it is only possible in 
any one operating cycle to burn up a small 
part of the uranium-235. For example, some 
of the fission products formed are themselves 
neutron absorbers and so they gradually 
tend to poison the pile and upset the delicate 
neutron balance by mopping up the excess 
neutrons that on initial charging were avail- 
able for control. In addition, plutonium is 
made in the reactor by the capture of neutrons 
by uranium-238, the process being : 


238 [7 +n _,?9°[/_,89Np 4g 


*°Pu+B 


Hence periodic removal of the fuel from 
the reactor permits the isolation of pure 
plutonium, which in itself is an extremely 
valuable fissile material, and the removal of 
the fission products. Before the reactor fuel 
can, however, be returned to the reactor, 
uranium-235 must be added, as some of the 
uranium-235 has been destroyed during the 
fission process. This is done by the addition 
of uranium of high uranium-235 content 
prepared in the gaseous diffusion plants. 

Thus in order to reprocess the reactor 
fuel the engineer has (a) to provide means of 
removing the fuel elements from the reactor 
while they are still highly radioactive, (b) to 
build industrial scale chemical plants (Fig. 6) 
that will permit chemical processing to be 
carried out without hazard to the operating 
staff or to menace in any way the environ- 
ment in which the plant is situated, despite 
the fact that in the early stages of process- 
ing the materials may be very radioactive. 

Because many of the fission products have 
short half lives it is possible to ease the pro- 
cessing problem slightly by allowing a decay 


period of several months to elapse between 
removal of the fuel and the time it enters 
the chemical plants. But this is of little help 
when it comes to withdrawing the fuel from 
the reactor, as it will be readily appreciated 
that whether a reactor is built for power or 
plutonium production, or both, it is obviously 
economically desirable to keep the shut- 
down periods to as short a time as possible. 
If a reactor could be shut down instant- 
aneously then the power level would drop 
to about 5 per cent of its operating level, 
this being the energy release due to the beta 
and gamma activities of the fission products. 
Immediately the chain reaction ceases, how- 
ever, this fission product activity level will 
begin to fall away exponentially, but even so 
its value within a reasonable time in some 
reactors may be quite high. The problem is 
obviously accentuated in high-powered re- 
actors using highly enriched fuel (i.e. fuel 
with a high concentration of fissile material), 
for then the operating power rating of each 
fuel element becomes high, and obviously its 
residual fission product radioactivity level 
will rise in proportion. It is thus quite 
possible to have to consider the extraction 
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from a reactor of comparatively small fue] 
elements radiating several kilowatts of energy 
largely in the form of heat. This becomes a 
major problem for remote handling, as not 
only is heavy shielding required but aiso jt 
may be necessary to cool the fuel elements 
with some secondary circuit to prevent them 
melting their containers during their removal. 
In fact, the need for safety and reliability in 
this operation will have an important bearing 
on the whole layout and design of the nuclear 
reactor. Particularly is this so when con- 
sidering small high-powered units. 

In the chemical plants the choice of process 
is again to a large extent controlled by the 
same factor that controlled the processing 
of the fuel before it entered the reactor, viz. 
the need to ensure a remarkably high standard 
of purity in the final products that will 
eventually be used again in the fission pro- 
cess. A second factor is that a process that 
gives an early removal of the most active 
fission products may help materially to 
relieve the shielding and handling problems 
in the later stages of processing. 

Three types of radiation have to be con- 
sidered in the plant design :— 

Alpha particles, which are positively 
charged particles identical with the helium 
nucleus. 

Beta particles, which are negatively 
charged particles identical with the electron. 

Gamma rays, which are electromagnetic 
waves similar to X-rays. 

Both alpha and beta particles are quite 
easily stopped, a few sheets of paper being 
sufficient to stop the latter and the equivalent 
of several millimetres of aluminium the 
former. Being charged particles, however, 
they can do damage to body tissue by ionisa- 
tion, and it is therefore important to ensure 
that alpha or beta active isotopes, particularly 
those with long half lives, are not ingested 
and allowed to deposit in the body where 
they would be able to damage surrounding 
tissue. This leads to very stringent con- 
ditions being set on the amount of con- 
tamination that can be tolerated in the air. 
It also means that very high standards of 
surface cleanliness in working areas are 
required as the undetected deposition and 
accumulation of radioactive particles on 
some inaccessible surface might, if they 
became dislodged, render the whole area 
for a period unfit to work in. 


Gamma rays, however, are extremely 
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Fig. 6—Uranium purification plant, Windscale 
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penetrating and can only be stopped by the 
use of heavy shields. These may be a few 
inches of lead where only a thin shield is all 
that can be accommodated, e.g. round an 
instrument, or several feet of concrete where 
a whole plant needs to be surrounded by 
shielding. 

The total amount of radiation a man is 
allowed to receive during a given period 
has been set at a figure low enough to ensure 
that he will suffer no cumulative ill-effects. 
The engineer, therefore, has to design a 
plant to operate to a given flowsheet, with 
its associated effluent treatment and disposal 
plants and control laboratories, which may 
be operated and maintained without exposing 
anyone, either inside or outside the factory, 
to hazardous doses of radioactivity. 

At first sight, this might appear to be a 
problem that is best resolved by the design 
of all sorts of remote handling equipment 
and other special pieces of plant. These, 
however, are only the means to overcome 
particular difficulties, and though essential 
for dealing with certain specified duties, such 
as sample taking, the principal objective 
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Fig. 7—Typical single-phase electromagnetic pump 


in this kind of chemical plant design is 
containment of the activity. Wherever 
possible, in order to eliminate dust hazards, 
wet chemical processes are used. Even so, a 
leak of a few cubic centimetres of active 
solution, not large enough to give rise to a 
radiation hazard, may, if it dries out, give rise 
to aserious dust hazard. Therefore, whatever 
the process, a leak-tight plant becomes 
desirable and hence, as in reactor engineer- 
ing, reliability and quality of construction 
me a major feature. At the Windscale 
works of the Atomic Energy Authority 
many of the chemical processes are carried 
out using nitric acid solutions, and the 
material of construction is largely stainless 
steel. Probably the biggest single factor in 
plant design that enabled these plants to be 
operated satisfactorily was the perfection of 
stainless steel welding techniques and inspec- 
tion methods. In developing the latter nuclear 
physics played a part, for much of the welding 
was radiographed and gamma-active sources 
obtained from the Harwell piles were used 
for this purpose. 
_ It is interesting to examine the possible 
lines of approach when designing such a 





plant. For example, in order to obtain a 
flow between two points in the plant, either 
one can attempt to use dynamic plant 
specially developed for remote operation 
and maintenance, e.g. a centrifugal pump 
with the impeller sealed off in the plant and 
driven through a magnetic coupling, or use 
some more fundamental method of getting 
a head on pipes, such as vacuum lifting to a 
head tank and flowing down by gravity. 
The choice is by no means a simple one, for 
always in the design of active plant the 
engineer has to consider not only the opera- 
tional problems, but also the reliability of 
the plant and what it involves to carry out 
any maintenance. If the engineer in this 
example considers that for the duty it has 
to perform he cannot rely on the pump 
impeller assembly being entirely trustworthy 
for a reasonable portion of the plant 
life, then he must consider whether it is 
feasible to make provision for draining it 
of all active liquor, washing it through to 
decontaminate it, and providing means of 
getting at it through the biological shielding 
and cutting it out of the plant pipework. 
He will then have to set these possible com- 
plications in his plant, and the expense 
involved in carrying out maintenance, 
against the advantages to be gained from the 
use of a pump. It must be realised that the 
aim is to make the running of the plant 
sufficiently straightforward to permit the 
use of process labour, and simplicity and 
reliability become keynotes in its engineering. 


HEAT REMOVAL FROM REACTORS 


Although the problem of heat removal 
from a source of energy is not a new one to the 
engineer, there are certain novel features 
that are encountered in nuclear reactors. 
As pointed out earlier, the choice of coolant 
is influenced by considerations of neutron 
economy, as is the choice of material for 
containing it. The degree to which the 
coolant becomes radioactive due to neutron 
bombardment as it passes through the core 
will influence the design of the cooling circuit 
and heat exchanger system. In power- 
producing reactors using enriched fuel it 
would be quite possible to generate more 
than 100MW of heat in a core no bigger than 
a 2ft right cylinder, and the problems involved 
in the transfer of heat from the fuel to the 
coolant and the heat transport from the 
core are, in such circumstances, formidable 
indeed. 

The search for suitable reactor coolants 
had led to considerable work being done on 
liquid metals and in particular sodium or 
sodium-potassium alloys are likely to be of 
use. They are, however, chemically reactive 
to a high degree and the presence of sodium 
oxide can cause greatly accelerated rates 
of corrosion. As the sudden loss of coolant 
from a reactor might cause a very violent 
temperature rise in the core leading to 
extensive damage, again reliability in the 
choice of materials for the coolant circuit 
and in the methods of its construction and 
fabrication become all-important. Naturally, 
an all-welded circuit is to be preferred and this 
fact has given an impetus to the development 
of electromagnetic pumps, Figs. 7and8. They 
are not in themselves, however, a direct result 
of the discoveries in nuclear physics—they 
were studied as far back as 1907—but their 
development has been accelerated because 
they offer a means of pumping a liquid metal 
without glands or moving parts in the system. 
It is, though, not unlikely that for some 
purposes a suitable mechanical pump could 
also be developed and in future years, if 
liquid metal-cooled reactors became common, 
the ultimate choice of pumps for certain 





THE ENGINEER CENTENARY NUMBER 205 





duties might well be decided on pump 
efficiencies. 


THE PRESENT AND THE FUTURE 


What, then, are the real and lasting effects 
that developments in nuclear physics are 
making on the advancement of engineering, 
and what repercussions will follow in other 
fields of engineering endeavour? Un- 
doubtedly the dominating result in the world 
to-day is that in a civilisation that depends 
on an ever-increasing use of energy to main- 
tain and increase its standard of living 
another source of energy has been tapped. 
So far it is only possible to consider using 
this energy in the form of heat, and for 
general power production it is most likely 
that the reactor will take the place of the 
furnace in electrical generating stations. In 
the Government’s White Paper published in 
February, 1955, plans were announced for 
the construction of twelve nuclear reactors 
to be built during the next ten years to 
supplement the output of more conventional 
coal-fired stations. Since then, and in addi- 
tion, it has been decided to double the size 
of Calder Hall and build a replica of it 
near Annan. Thus, it is probable that 
within a few years’ time the gas-cooled 
thermal reactor, similar to that being built 
at Calder Hall, will be looked upon as a 
conventional piece of engineering plant. 





Fig. 8—Electromagnetic pump 


In arriving at this position in such a remark- 
ably short time the demands of the nuclear 
engineer have already made their mark on 
the engineering industries of this country. 
The need for complete reliability in the con- 
struction of the active chemical plants has 
inevitably given a stimulus to the develop- 
ment of improved welding techniques for 
stainless steel. The construction of the 
gaseous diffusion plant has led to the applica- 
tion of high-vacuum techniques to large- 
scale plant, and laboratory standards of 
vacuum tightness are now accepted on such a 
plant as being normal practice. i 

Future developments in reactor engineering 
will be towards smaller and more efficient 
reactors. The fast breeder reactor offers 
the possibility of a reaction that will pro- 
duce more fissile material than is burnt, so 
making full use of all available uranium 
and not just the 0-7 per cent fissile content 
as mentioned previously. But all these 
developments, including special reactors 
for propulsion, more efficient thermal 
reactors, &c., depend for their fulfilment 
on the right materials of construction being 
available. Thus, nuclear engineering is 
placing tremendous demands on the metal- 
lurgist, not only to find out what happens 
to known materials when exposed to irradia- 
tion and how they behave under arduous 
high-temperature conditions, but also to 
find ways and means of producing many of 
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the less common metals, which might have 
promising properties, in very pure states. 
The techniques of forming these materials 
and the methods of welding and fabrication 
must also be established. 

In trying to assess the contribution nuclear 
engineering may make to other fields of 
engineering it must always be remembered 
that it is essentially a sphere of engineering 
in which, as pointed out in this article, certain 
requirements arising from the fission process 
must be met. It would be wrong to imagine 
that new techniques developed in this field 
and the design methods that have been 
adopted, necessarily offer great advantages 


HE term “electronics” covers a very 

wide scientific field, difficult to define 
precisely in few words, essentially involving 
all phenomena relating to the motion of free 
electrons, such as in thermionic valves, 
Photo-electric tubes, gas rectifiers, cathode- and 
X-ray tubes, but also embracing devices such 
as photo-voltaic cells, magnetostriction and 
piezo-electric transducers, transistors, &c., 
in which the motion of free electrons is not 
the essential feature. 

Although certain electronic devices have 
been utilised for a long time, electronic tech- 
niques only started to be of significance with 
the advent in 1905 of the thermionic valve. 
Applied initially for detecting radio signals 
and later for generating electromagnetic 
waves, the “valve” became the essential 
component in radio communication. Around 
this electronic device there grew up the 
whole technique of telecommunication, 
which has now become an important industry 
in itself. In the early ’thirties radar, tele- 
vision, and various radio aids to navigation 
were developed. During the last war 
enormous growth took place in these latter 
techniques, resulting in the stimulation of a 
vast variety of technologies, all of which are 
now being applied to many problems not 
associated in any way with the original ones 
which initiated their development. 

“Electronics ” has, therefore, during the 
past twenty-five years been responsible for 
creating several entirely new engineering 
industries of high importance in themselves. 
It is not the intention of this article, however, 
to review the growth of these specific indus- 
tries but rather to indicate the manner in 
which the growth of applied electronics has 
influenced general engineering and how this 
young technology is likely to affect future 
engineering trends. 

** Electronics ” is now well established as 
a production aid in three engineering fields— 
electric motor speed control, radio-frequency 
heating, and electric welding. In many 
industrial applications of electric motors 
machinery has to be driven at constant speed 
independent of supply and load variations ; 
speed can now be maintained constant to 
0-1 per cent by very simple electronic con- 
trollers. In machine tool operation it is 
often necessary to change speed at a certain 
point in the process either after a certain 
fixed time or more usually at a particular 
stage in production ; in the former case a 
“timer” and in the latter an “ electronic 
observer” can be combined with a speed 
controller to give the required performance. 
In other applications, notably in the winding 
of thread, wire, paper, cloth, &c., on drums 
or reels, maintenance of constant tension is 
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in Other fields where these stringent require- 
ments are not needed. The real contribution 
being made to engineering in general is that 
nuclear engineering is creating a most 
pressing demand for new materials, a better 
knowledge of the behaviour of existing 
materials under a variety of conditions, more 
reliable methods of fabrication, and more 
rigorous inspection techniques. Thus, 
nuclear engineering, in exploiting the dis- 
coveries of the physicist, is providing the 
motive force for an extensive research and 
development programme in those fields from 
which all branches of engineering may draw 
knowledge and feed their own advances. 


essential ; in such cases the motor speed can 
be reduced as each layer is wound by a con- 
trolling device sensitive to tension. 

There are two kinds of radio-frequency 
heating, “eddy current ” or “induction ”’ 
heating, and “dielectric” heating. In in- 
duction heating circulating currents mag- 
netically induced in a metal produce heat 
which by suitable choice of frequency can be 
localised to a given depth below the outer 
surface—this is of great value in case harden- 
ing ; by suitably proportioning the “ work 
coil ”’ it is possible to localise the heat to one 
or more portions of a metal member, this 
being of importance in annealing, soldering, 
and brazing. In “dielectric” heating the 
material is subjected to an alternating elec- 
tric field and the power absorbed raises the 
temperature. The outstanding feature is 
that heat can be generated uniformly 
throughout a substance and is not con- 
ducted inwards from the surface. By 
utilising microwave techniques and plastic 
glues localisation of heat has been achieved ; 
considerable application of such techniques 
is now being found in the mass production of 
wooden furniture. 

In “resistance” welding, which involves 
the pressing together of two pieces of metal 
and the passage of a definite current through 
the joint for a definite time period, timing 
of the current impulse to an accuracy of a 
hundredth of a second is necessary if uni- 
formity of product is to be obtained ; with 
electronic controllers it is now possible to 
ensure such uniformity and, in consequence, 
to make types of weld not possible by other 
methods. In “arc” welding, maintenance 
of constant current between a metal electrode 
and the workpiece is required ; this can be 
ensured by an electronic controller which 
observes the voltage across the arc and 
drives the metal electrode forward so that 
constant arc length 
is always maintained. 


MEASUREMENT 


















Flow 
Regulating 
Valve 
















Flow 
Equalising 
Chamber 


[i 



























































Cell —— ] 
' ” 
Flexible To 
Diephrogm Capacitor Electricol 
Transducer Measuring 
Circuit 
Pump 
Exhaust 


Fig. 1—Arrangement of gas analyser and combustion 
chamber for methanol detection. (Reproduced from 
Journal Brit. I.R.E., Vol. 14, 1954, pages 527-543) 


laborious methods. Instruments such as the 
absorptiometer, density meter, colorimeter, 
titration indicator, smoke detector, aeration 
meter, moisture meter, crack detector, and gas 
analyser, are newcomers to the engineer- 
ing laboratory and in many cases are now 
available in industrial form. Electronic 
instruments are now available for measuring 
temperature, pressure, humidity, flow, liquid 
level, speed, light intensity, colour, pH, con- 
ductivity, size, surface finish, chemical com- 
position and a host of other quantities ; in 
all these instruments utilisation of electronic 
techniques enables the quantity to be 
measured without modifying the conditions 
which existed before the instrument was 
introduced, and in most cases the measure- 
ment is instantaneous and a_ permanent 
record is provided. 

Certain special instruments are now avail- 
able which provide quite new tools for the 
research worker ; for example, the electron 
microscope has improved upon the magnifying 
power of the best optical instrument by a 
hundredfold, the mass spectrometer now 
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enables rapid analyses to be made of metals, 
the cathode-ray spectrograph provides an 
instantaneous indication of the light spectrum 
absorbed or emitted by a substance and can be 
utilised to control a process involving change 
of chemical composition. 

Examples of such electronic measuring instru- 
ments, both for laboratory and industrial use, 
are increasing so rapidly that the mere cata- 
joguing is a formidable task. In choosing a 
particular example to illustrate the application 
of electronics to measurement, a brief description 
will be given of a new and rather special piece of 
equipment’ designed to solve a difficult industrial 











Fig. 3—Methanol detection equipment with covers removed. (Reproduced from 
Journal Brit. I.R.E., Vol. 14, 1954, pages 527-543) 


problem relating to plant for fractioning fatty 
acid mixtures in which methanol is used as the 
partitioning agent. Diffusion of methanol in 
air constitutes an industrial hazard because 
concentrations exceeding 200 parts in a million 
are injurious to health and this concentration 
can be greatly exceeded if leakages occur. 

A fully automatic monitoring and warning 
system has been developed which provides a 
continuous record of methanol concentration 
at ten selected points in the plant and gives visual 
and audible warning of dangerous concentrations 
in excess of 1000 parts in a million. Experiments 
showed that conventional methods of gas 
detection were not sufficiently sensitive or selec- 
tive, but that by combustion of methanol to 
CO, and its subsequent detection by an infra-red 
technique it was possible to obtain adequate 
sensitivity. Referring to Fig. 1, the gas stream, 
pumped slowly from each inspecting point, is 
divided equally ; one portion flows through a 
specially designed combustion chamber, heated 
electrically to 680 deg. Cent. and fitted with a 
platinum catalyst, and then through one tube 
of a standard infra-red gas analyser ;? the other 
portion flows through a dummy chamber, having 
the same pneumatic resistance and capacity, and 
then through the other tube of the analyser. 
The presence of methanol thus produces a 
greater concentration of CO, in the examination 
tube than in the reference tube, irrespective of 
the ambient atmospheric concentration. 

This differential CO, concentration can be 
detected by successive examination of the 
absorption to infra-red radiation in both tubes ; 
with two sources, a shutter and a differential 
pneumatic detector cell filled with a mixture of 
carbon dioxide and nitrogen, equality of absorp- 
tion (i.e. no methanol) gives similar temperature 
rises in each compartment of the detector cell 
during each short pulse of radiation and, in 


1“ The Automatic Indication and Recording of Minute Con- 
centrations of Organic Gases in Air,’’ H. A. Thomas, Journal 
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consequence, no differential pressure and no 
deflection of the inter-compartment membrane. 
If the absorptions are dissimilar, however, a 
temperature and pressure pulse occurs which 
vibrates the diaphragm. This vibration is 
detectable by a capacitor transducer which, with 
appropriate electronic amplifiers, can be made 
to operate suitable recording equipment. 

The basic components of the system are 
shown in Fig. 2; the air/methanol mixture is 
drawn continuously by a pump from all ten 
selected inspection points in the plant ; sequential 
inspection is provided by temporarily diverting 
the gas from any one station through the analysis 
system instead of exhausting it to atmosphere. 
The sequential selection 
is provided by the 
station-selector mecha- 
nism which comprises 
ten two-way valves oper- 
ated in turn by a motor- 
driven cam. 


The electrical output 
from the gas analyser is 
interrupted by a “station 
delay”’ circuit actuated 
by switches mounted 
on each of the two-way 
valves ; this circuit in- 
terrupts the signal from 
the analyser for about 
half-a-minute at the 
beginning of each exam- 
ination period whilst the 
gas from the previous 
station is being expelled. 

The signal from the 
station-delay circuit is 
applied to the “ recorder- 
amplifier’ and also to 
the “alarm detectors.” 
The recorder amplifier 
raises the power level of 
the signal sufficiently to 
operate the recorder to 
which it is connected 
through the “chart 
marker ”’ circuit ; this 
circuit introduces discon- 
tinuities in the record to 
facilitate identification of each station and of 
each complete cycle in the sequential inspection. 

The alarm detectors operate relays (which, in 
turn, raise the appropriate alarms) when the 
input signal reaches a level of 200 and 1000 
p.p.m. methanol. Both detectors comprise an 
“integrator” and a “trigger” unit. The 
integrator of the 200 p.p.m. alarm summates the 
periods of concentration in excess of this value 
and is interposed between the relays in its trigger 
unit and those which operate the “ indicator 
panel” and alarms ; warning of this concentra- 
tion is given only if it has existed for thirty seconds 
during any one examination period. The integra- 
tor of the 1000 p.p.m. alarm triggers its alarm when 
this concentration has existed for five seconds. 

The indicator panel co-ordinates the alarm 
signals with the station switches ; it shows at a 
glance which station is being examined, whether 
a concentration of 200 or 1000 p.p.m. exists, and 
what concentration existed at the other nine 
stations during their previous examination. 

The general arrangement of the equipment is 
shown in Fig. 3. Two independent analysis 
systems are incorporated so that failure of one 
does not interrupt the monitoring service. The 
station-selector mechanism with all its pipework 
is at the extreme left; the two combustion 
chambers are shown to the right ; then the two 
gas analysers and pumps below; and on the 
extreme right the several electronic units. The 
main indicator panel is at the top. 

This equipment has been in continuous 
operation (twenty-four hours a day) for four 
years and has required very little maintenance. 
Not only has it provided a fully automatic 
monitoring service, but has been the means of 
locating leaks in the plant, so enabling savings 
to be effected which already have exceeded the 
initial capital cost of the equipment. 


AUTOMATIC CONTROL 


The automatic control of a process or 
machine involves the introduction of means 
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for detecting changes in one or more of the 
process variables from a preselected value 
and means for utilising this information to 
make appropriate changes in other process 
factors so as to re-establish the normal 
operational value. The earliest steam engine 
governor was an automatic speed control 
device utilising a mechanical linkage be- 
tween the rotating member and the steam 
valve. 

Innumerable mechanical devices have been 
developed to control the operation of 
machines or to stabilise some parameter of a 
process ; such devices are limited in applica- 
tion, however, and particularly in sensitivity 
by the fact that the power provided by the 
device sensing the deviations is usually 
insufficient to actuate directly the device 
which produces the required correction. 
Progress in automatic control techniques has 
thus involved the development of suitable 
power amplifiers, and hydraulic, pneumatic, 
and electric systems have all been utilised for 
this purpose. 

Possibly the most concerted development 
in automatic process control has been 
inspired by the necessity in the continuous 
chemical process field for maintaining steady 
states of internal balance. In fact, the con- 
tinuous chemical process is so dependent on 
the instruments that control it, that it would 
be necessary, if these instruments were not 
available, to confine the operations of 
chemical manufacturing to simple batch 
processes hardly capable of producing the 
cheap chemical goods available to-day ! 

The science of automatic control is com- 
paratively new in its more complex forms. 
Simple controls have been available for 
nearly as long as the primary instruments 
upon which they depend for their operation, 
but the more complex controllers have been 
in use for only a comparatively few years 
and have followed the requirements of the 
modern continuous process. 

The study of automatic control is essen- 
tially a complex subject and the exact 
rational solution of many control problems 
requires knowledge of process characteristics 
usually not available when the equipment is 
being designed ; in fact, many control prob- 
lems are so complex that a rational mathe- 
matical solution is never possible. This 
complexity has hitherto fostered the practical 
approach, but with increasing applications 
and greater experience the science is now 
becoming more exact. 

In view of the importance of automatic 
control to the chemical industry, manufac- 
turers of industrial control equipment have 
tended to concentrate on satisfying the 
specific requirements of this industry, the 
most important of which are the stabilisation 
of temperature, pressure, flow, liquid level, 
and to a lesser degree humidity, viscosity, 
specific gravity, pH, and gas content. Further- 
more, development of suitable controllers 
has been conditioned largely by the require- 
ment that the equipment should not intro- 
duce a fire or explosion hazard. This latter 
requirement has encouraged development of 
pneumatically-operated controllers, resulting 
in the present considerable industry in this 
field. In most chemical control problems the 
actuator is a valve, and control of valves 
pneumatically is so reliable that additional 
encouragement has been given to develop- 
ment of the pneumatic controller. 

Pneumatic controllers, however, require 
that the sensing device shall provide mech- 
anical motion of a delicate member—the 
“flapper ”’—and there are many process 
parameters which cannot readily be arranged 
to provide such motion. In these cases elec- 
tronic techniques are becoming of increasing 
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value ; in some cases the initial electrical 
signal after amplification is converted into 
mechanical motion by a suitable electro- 
mechanical transducer and a pneumatic con- 
troller is utilised, but in others the controller 
itself is all-electronic. By comparing the 
electrical input with a preset electrical 
standard and utilising the error signal so 
produced to actuate the controlling mech- 
anism reliable control can be obtained. 
There is a tendency towards the all- 
electronic controller even in those cases 
where hitherto the pneumatic type has been 
predominant. For example, in a recently 
constructed American refinery, control is 
entirely electronic and it is claimed that 
substitution of electric cabling for air lines 
has eliminated the disadvantages of such 
lines particularly at low temperatures ; that 
electric cabling is cheaper ; that operating 
experience has shown that electronic control 
instruments have a smaller dead band ; and 
that elimination of moving mechanical parts 
has increased reliability and sensitivity. 
Whatever may be the ultimate optimum 
system in cases where either pneumatic or 
electronic control is permissible, there is a 














it is cooled by being drawn through water until 
it is hard enough to be handled without defor- 
mation, the towing of the wire being effected 
by a variable-speed geared capstan. 

Due to the nature of the plastic material, the 
extruded hot soft sheathing expands immediately 
on emerging from the die and, since the final 
diameter must be held to close limits, it was 
found with manual control of the several process 
parameters that considerable scrap was produced. 
Examination of the problem by the National 
Physical Laboratory suggested a means of con- 
trolling the diameter, and equipment has 
been developed which finally was constructed 
commercially* and installed at W. T. Henley’s 
Telegraph Works Company, Ltd.° 

Analysis of the problem showed that the dia- 
meter was a function of:— 

(1) The head of material 
hopper. 

(2) The speed of the feed screw. 

(3) The temperature of the compression 
chamber. 

(4) The temperature of the die. 

(5) The velocity of the towing capstan, and 

(6) The speed of the take-up spool. 

Reference to Fig. 4 shows the general scheme 
which has been introduced for controlling 
diameter. 

First, variations in head of raw material in 
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Fig. 4—General scheme for controlling wire diameter. (Reproduced from Electronic Engineering, 
Vol. 24, 1952, pages 193-195) 


very large field in which electronic controllers 
only are possible—in all those cases, in fact, 
where the sensing device is purely electronic. 
Two examples of such automatic controllers 
will now be given, one in which a mechanical 
dimension is required to be controlled, and 
the other in which optical alignment is 
necessary. 


EXAMPLES OF AUTOMATIC CONTROL 


The first example relates to the control of 
overall diameter in the manufacture of p.v.c.- 
sheathed copper wire. The established produc- 
tion method involves drawing the wire rapidly 
through a die and extruding the hot plastic 
material around it. The extrusion machine itself 
consists of a feed hopper which introduces chips 
of raw material to a screw conveyor closely fitting 
in a cylindrical barrel ; this screw has a central 
hole right along its entire length to allow the 
wire to pass through it from a spool at the rear 
and to emerge sheathed in plastic material at the 
nozzle ;_ the barrel is heated and the material 
subjected to considerable pressure as it is forced 
by the screw towards the nozzle. After the soft 
tube of sheathing has emerged from the nozzle 


* The Rock Island Refining Corporation, Indianapolis. 





the hopper were eliminated by introducing a 
vibratory conveyor fed from a larger hopper ; a 
“ photo-electric miaterial-feed monitor,’ con- 
sisting of an optical system which looks into the 
mouth of the extruder, controls the conveyor so 
that the feed screw is always just covered. 
Secondly, the speed stability of the feed screw 
was improved by fitting a more powerful motor. 
Thirdly, the temperatures of the compression 
chamber and die were stabilised by introduction 
of sensing elements and controlled water and 
steam valves, resulting in temperature stabilisa- 
tion to 0-1 deg. Cent. 

The diameter of the wire is monitored to an 
accuracy of 0-000lin by a specially designed 
electronic micrometer capable of withstanding 
shock and of absorbing a large overload ; it is 
also immune from changes of temperature and 
mains fluctuations. This micrometer head, 
which is totally enclosed and capable of operation 
with wire travelling up to 2000ft per minute, will 
operate continuously under the difficult condi- 
tions of dirt, dust, and water which exist. The 
signals from this micrometer head, which can be 
preset to any required dimension, actuate a speed 
controller associated with the towing capstan. 

* Sargrove Electronics, Ltd., Hounslow, Middlesex. 
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Lastly, the speed of the take-up spool is varied 
in accordance with the amount of wire on it by 
incorporating a tension-sensing device. As more 
cable is wound on the drum the rotational speed 
is reduced so as always to maintain constant 
tension in the wire from the towing capstan, 

A number of these equipments have been 
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Fig. 5—Diagrammatic arrangement of register con- 
troller—Elliott Brothers 


made and the original one has been in satisfactory 
operation for several years. 

The second example relates to the continuous 
and automatic maintenance of colour register 
in rotary multi-colour printing machines. Bad 
register spoilage is often caused by variations in 
reel tension, joints in the paper, and changes in 
press speed. It can be eliminated by con- 
tinuously checking colour register as the impres- 
sion leaves the printing cylinder by detecting 
any tendency to shift and immediately applying 
correction. 

One system® of control is shown diagrammati- 
cally in Fig. 5. This system utilises register 
marks engraved on each printing cylinder; 
these marks are printed on a margin or gutter 
between successive impressions which subse- 
quently is trimmed or arranged in a fold where 
the marks are not seen ; the appearance of these 
marks is shown in Fig. 6. 

The equipment comprises a scanning head and 
register unit for each colour cylinder; the 
scanning head has a pair of photo-tubes which 
“ look ” at the appropriate printed register mark 
on the web and produce corresponding electrical 
impulses, one pulse relating to the first colour 
and the other to the colour just printed ;_ the 
two pulses are transmitted to the register unit, 
where they are amplified and their timing com- 
pared. If register is correct the register marks 
will be in alignment and there will be no time 
difference between the pulses and, therefore, no 
need for correction; if misalignment exists, 
however, of the order of 0-OOlin, the time 
difference is detected and a signal passed to the 
correcting motor to move the control in the 
appropriate direction. The signal strength is 
proportional to the time difference between the 
pulses, and thus the greater the register error 
the faster is the correction applied ; as the error 
is reduced the motor slows down and finally 
stops when correct register occurs. The detection 
system operates from the leading edges of the 
register marks, the thickness of which does not 
affect the accuracy of control. 

A tachometer generator is incorporated to 
provide a feed-back signal opposing the operating 
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Fig. 6—Appearance of register marks, register con- 
_ troller— Elliott Brothers 


signal and thus to ensure dead-beat action. To 
prevent spurious operation from the main 
printed matter on the web, a contact breaker 
driven by the printing cylinder is introduced 
which switches on the comparison circuit only 
while the clear gutter is being examined. 

This type of controller may be fitted to prac- 

* Elliott Brothers (London), Ltd. 
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tically any type of rotary printing machine and 
has application also to the cut-off control on 
bag-making machines, control of the position 
of the fold on printing press folders, guillotines, 
and sO on. 

ELECTRONIC COMPUTERS 


In no electronic field during the past 
decade has progress been more rapid than in 
the development, design and construction of 
electronic computers. Charles Babbage, be- 
tween 1812 and 1871, attempted almost 
single handed to construct a mechanical 
calculating machine capable of performing a 
large number of mathematical operations 
sequentially, but the technical competence 
of his era was inadequate to permit com- 
pletion of a satisfactory model. Later in the 
century William Thompson—later Lord 
Kelvin—proposed solving mathematical prob- 
lems by machines and described how integra- 
tion and differentiation could be accomplished 
mechanically, but again tools of the required 
precision were unavailable, and so a machine 
was never built. In 1930 Vannevar Bush 
constructed a machine for solving differential 
equations using mechanism and electric 
motors. 

The electronic developments of the 1940s 
made possible what could not previously be 
accomplished by mechanical means. By 
introducing such techniques the limitations 
of mechanical devices were at once eliminated 
and the speed was increased to fantastic 
limits. The enormous speed of these 
machines (in millionths of a second), their 
ability to follow extensive lines of logical 
reasoning, and their ability to choose be- 
tween built-in alternatives make them ideally 
suited to the handling not only of com- 
plex and lengthy mathematical computa- 
tion, but also of large quantities of data. 
By performing a long series of elementary 
mathematical steps in rapid sequence a com- 
puter can solve highly intricate problems in 
very little time. Since mathematical numbers 
are merely symbols, and since the symbols we 
use in ordinary communication, namely 
words, can be changed to correspond with 
the symbols which the computer can under- 
stand, it is possible for computers to handle 
information other than mathematical. They 
can compare, collate and make logical 
choices between alternatives ; it is basically 
no more difficult for computer circuits to 
handle logical problems represented by 
word symbols than to handle mathematical 
problems. 

All computers involve :— 

(1) An input device to insert data into the 
machine (punched cards, punched tape, 
magnetised tape or wire, film, &c.)_ 

(2) A memory unit to store information 
— drum or tape, cathode-ray tubes, 


ay 

(3) A controller to schedule the sequence of 
operations. 

(4) An arithmetic unit to do the calcula- 
tions. 

(5) An output device to get the information 
out of the machine in a form which can be 
understood by a human being (printers, 
punch performers, film, &c.). 

In programming such a computer, i.e. in 
setting up operating instructions which the 
machine can follow, each problem must be 
reduced to a series of elementary steps. At 
each stage in the ealculation the machine 
must figuratively ask a question which can 
be answered by “yes” or “no.” Once 
properly programmed such a computer can 
automatically process a great variety of 
information and can take all necessary action 
in connection with its analysis. 

Electronic computers were initially con- 
structed, first in America and later here,’ for 

" By Manchester and Cambridge Universities and the N.P.L. 
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solving complex mathematical problems im- 
possible of solution by normal means, and 
the enormous effort put into their design has 
already been justified. In scientific problems 
connected with aerodynamics, nuclear physics, 
ionospheric research, hydrodynamics, meteor- 
ology, and statistics they have enabled 
solutions to be obtained which without them 
could never have been attained. 

Utilisation of such computers is not, how- 
ever, confined to solving scientific problems. 
A far wider field lies in their application to 
business organisation and industrial engineer- 
ing. Just as the machine has relieved man of 
tedious manual labour, so can equipment of 
this kind relieve man of tedious mental 
labour. A revolution in business methods is 
imminent if only business executives can 
appreciate the vast potentialities ; all clerical 
routines can be made cheaper and faster, 
necessitating considerable changes in organ- 
isation and methods. This revolution has 
already commenced ; in America there are 
over a hundred organisations working on 
various aspects of the design and manufacture 
of electronic computers and some com- 
mercial models are now available — over 
2000 machines are in use preparing pay- 
rolls, tax statements, cost controls, accounts, 
cash and time records, inventories, etc. 
““Memory” drums are being used by the 
Pennsylvania Railroad and by American 
Air Lines for bookings, reservations, and 
the printing of reservation coupons ; tele- 
phone bills are being prepared automatically 
in Philadelphia by an “ automatic-message- 
accounting centre ”’ which notes who talked 
to whom for how long, prepares the bill, and 
automatically addresses the envelope. 

In this country, manufacturers® are study- 
ing the needs and possibilities and offering 
equipment which, with further development, 
will become cheaper; with one notable 
exception—LEO, or the Lyons Electronic 
Office? developed from the Cambridge 
EDSAC—business executives have not yet 
appreciated the economies and improvements 
in accounting techniques which can be 
effected by these machines. It is significant 
that several of the manufacturers of such 
equipment are setting-up computing centres 
which provide a service to industry, and that 
the D.S.I.R. is giving a much-needed lead 
in this direction by setting-up a new Division 
at the N.P.L. to study such business applica- 
tions. , 

The main requirement is undoubtedly 
that the business world shall specify its real 
requirements for a general-purpose electronic 
computer so that a range of machines may 
be manufactured at an economic price. 


AUTOMATION 


The pursuit of manufacturing efficiency 
has shown considerable contrast as between 
different industries, although the basic pattern 
is essentially the same in all. Originally 
the craftsman made his product by his own 
hand and skill; advent of the machine 
enabled the output of similar products to be 
increased with less-skilled labour and also 
in most cases resulted in an improved, or at 
least more consistent, product. 

At first the machine did not provide much 
more than a very useful tool which the crafts- 
man could apply enjoyably and profitably ; 
with improved mechanisation, however— 
the introduction of power-driven machine 
tools, drills, saws, conveyors, hoists, trolleys, 
&c.—manual effort was reduced and output 
increased, and by introducing jigs and fix- 
tures for the work and for the supply of 

® Ferranti Ltd.; Elliott Brothers (London), Ltd.; English 
Electric Com Ltd.; British Tabulating Machine Company Ltd. 
ou an ineering Experience Gained with 


id perience , 
L.E.O.,” J. M. M. Pinkerton, Automatic Digital Computation, 
N.P.L. Symposium, 1953, H.M.S.O. 
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components the consistency of the finished 
product was improved. 

The technique of modern mass production 
necessarily implies that the human being 
is an essential part of the fabricating process ; 
study of the most efficient use of human 
beings is, therefore, an essential aspect of 
production study. Elimination of un- 
necessary effort—time and motion study— 
consideration of physiological factors, and 
indeed the whole planning of the factory 
lay-out for easy work flow is now of immense 
importance. 

The most difficult problem in the efficient 
use of human beings is, however, the provision 
of adequate interest ; man is not efficiently 
productive unless interested in the work,’° 
and the requirement that work should be 
interesting may conflict with plans based 
solely on the unqualified application of 
physiological and mechanical principles. It 
has been shown by careful studies of work on 
a mass-production assembly line that finan- 
cial inducement of the order of 50 per cent 
increase in income will bring labour into an 
uninteresting job but will not eliminate the 
worker’s dissatisfaction ; in routine clerical 
work it has been found that over-specialisa- 
tion can lower productivity through boredom 
by as much as 40 per cent. The function 
of applied psychology is to secure a sense of 
participation by the worker in the productive 
enterprise and to provide a degree of variety 
at least to the extent of allowing the operator 
to control his own working pace at any 
instant while maintaining a fair average 
output for the team. 

Production study can be pursued to the 
point where more is known about operational 
detail than can usefully be dealt with by 
equally-detailed human control; human 
intervention and movement can degenerate 
into a series of retarding interludes between 
smart and precise machine-driven periods. 
In fact, the operation of some semi-automatic 
machines is so complex that more than aver- 
age skill or intelligence is required from the 
operator. One attempt to minimise this 
effect expands, instead of confines, human 
interest in more of the jobs which have to 
be done ; another pursues the use of machines 
towards the limit and aims ultimately at 
eliminating human intervention altogether. 
This latter is what is generally known as 
** automation.” 

The term “‘ automation ” is often applied 
to any technique adopted to raise output, 
i.e. to devices which use human labour more 
efficiently, such as precision machinery, 
cyclic automatics, information-processing 
equipment, and error-actuated automatic 
process-control systems. If one accepts this 
broad definition, then the Ford or Austin 
car assembly plants may be regarded as 
examples of automation, for their chief 
function is to ensure that the human operator 
who connects together the various compo- 
nents shall always receive the appropriate 
items at the correct time and place. Opera- 
tion of the system is maintained at a central 
point, simple mechanisms at the various 
assembly points sending information of the 
form ‘* There is, or is not, one component A 
ready for delivery to the assembly line” ; 
there is no processing of data but merely 
responses such as “Hold back, or deliver, 
another component A from the conveyor.” 

The cyclic automatic machine tool has 
been elaborated in the form of the “ transfer 
machine ” now used in large car factories for 
machining engine castings; each of the 
conventional machining operations of facing, 
drilling, boring, &c., is carried out consecu- 





1® This does not in general apply to those workers who are 
happiest when they can do a completely routine ine, which is 


automatically controlled by their subconscious min 
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tively, the work being transferred auto- 
matically from one work station to the next 
and in some cases automatically inspected 
between stations. Such automatic single- 
purpose machine tools are suited, however, 
only to special cases—extremely long runs 
on a non-varying product. Present machines 
contain the elements of the future automatic 
factory, namely, the automatic and flexible 
materials-handling and machine-loading 
devices. Only when the automatic produc- 
tion of medium and short runs of product is 
possible will automatic control mechanisms 
be used to the fullest advantage. 

The profile-following miller, the contour- 
following lathe, and the photo-electrically 
guided cutter, which cuts steel plate to a 
contour drawn on paper, are all automatic 
machines but are essentially copying devices 
in which a pattern is provided in a material 
more easily worked than the product. The 
limitation of such machines is that the labour 
required to prepare the pattern is usually 
only justified for reasonably large runs of 
product. A much more promising method 
of automatically controlling a machine tool, 
which has the great merit of versatility, is to 
programme the tool motions electronically. 
A particular example will illustrate the tech- 
= which can be applied to any machine 
tool. 


In Fig. 7 is shown an electronically-controlled 
milling machine" capable of cutting almost 
any three-divisional shape to an accuracy of 
0-0002in from instructions prepared as perfora- 
tions on a strip of paper tape. The whole system 
comprises :— 

(1) A “tape perforator,” which perforates 
paper tape in accordance with coded instructions 
regarding dimensions and machining procedure 
provided by the planning engineer. 

(2) A “tape recorder,” which transfers these 
instructions to a computer. 

(3) A “computer,” which calculates from 
these instructions the movements which must be 
made by the table of the machine tool. 

(4) A “magnetic tape recorder,” which 
memorises the required movements. 

(5) Tape-controlled servo-mechanisms and 
measuring devices, which move under the control 
of the tape-playback unit. 

The method adopted to obtain the high degree 
of accuracy attained is shown in Fig. 8 
suitable length of optical grating with 5000 lines 
per inch’ is attached to one section of the 
machine slide, and a short length of similar 
grating to the other section, so that one grating 
traverses the other with the two surfaces almost 
in contact. Ifa beam of parallel light is projected 
through the pair of gratings, the fringe pattern 
will modulate the light when there is relative 
movement ; one complete cycle of intensity 
variation will occur for a movement equal to 
the pitch of the grating, and two discrete elec- 
trical pulses per grating line can readily be 
obtained by the double photo-tube arrangement 
shown ; the phase of the light variation is dif- 
ferent in each tube and so a two-phase electrical 
system can be formed, the deviation of phase 
rotation of which reveals the direction of move- 
ment of the slide. 

The servo mechanism controlling the table 
movement is arranged so that on receipt of a 
command pulse the table is moved in the correct 
direction until a pulse from the grating cancels 
the command pulse. Thus, if a train of pulses is 
received, the slide is moved at a rate such that a 
similar train, lagging by an amount not exceeding 
one pulse, is produced. This means that the 
error can never exceed one-ten-thousandth of an 
inch unless the servo-mechanism is over-loaded. 


Other methods of controlling machine 
tools utilise magnetic recording of the actual 
motion of the tool when operated by a skilled 
machinist ; on playback, all movements 
are repeated, faithfully reproducing the skill 
of the original craftsman and the peculiarities 
of the particular machine. 


“4 Ferranti, Ltd. 
#* Developed by the National Physical Laboratory. 





Techniques such as these are likely to 
become of increasing importance, particu- 
larly for short runs ; the versatility of such 
systems will appeal especially to small-scale 
precision manufacture, a feature being the 


Fig. 7—Electronically controlled milling machine 
—Ferranti 


ease with which a library of taped instruc- 
tions can be built up. 

The construction of radio and electronic 
apparatus by printed-circuit techniques has 
been hailed as automation, but the essential 
fact here is the modification of the con- 
struction of the product to permit manu- 
facture by a cyclic automatic machine ; by 
using “‘ printed-circuit ” resistors, capacitors 
and connecting leads consisting of carbon or 
silver deposits on a ceramic base, assembly 
by automatic machinery is pessible.’* 

Although these previous examples contain 
varying degrees of automation, none o 
them are cases of true automation, which in 
the fullest sense should be applied only to 
equipment which is self-correcting and self- 
programming and is capable of automatically 
performing a sequence of logical operations 
similar to the mental processes of humans— 
equipment which can correct the errors 
which occur in the course of operation and 
can choose among several predetermined 


Moving Grating 


Fig. 8—Method of converting slide motion into count 
pulses; electronically controlled milling machine 
—Ferranti 


plans of action. These recent advances 
constitute the first stages of what coming 
generations will regard as the second indus- 
trial revolution. 

18 “New Methods of Radio Production,” J. A. Sargrove, Proc. 
Brit. I.R.E., 1947, Vol. 7, page 2. 


“New Techniques for Fabrication of Airborne Electronic 
—, R. F. Scal, Proc. I.R.E., 1955, Vol. 43, pages 





It is now becoming possible to modj 
production machines for automatic operation 
by replacing the operator and adding materia) 
handling devices. Man’s function at present 
is to tend the machine; he positions raw 
stock, inspects and removes the workpiece : 
when trouble arises he stops the machine 
ascertains the cause, and corrects it. He 
records the number of pieces machined and 
rejected and uses his senses of smell, sight, 
touch and hearing to ensure correct opera. 
tion. In fact, he acts as an overall control, 
If we couple existing production machines 
with material handling devices, add appro- 
priate sensing devices and a control mecha- 
nism to do the work of the operator, then we 
have complete automation. 

A machine which fabricates a product, 
inspects it and, if incorrect, returns it to the 
fabricating machine for further operation 
until it meets a given specification is truly 
automatic—one example is a piston-fabricat- 
ing machine which repeats the machining 
operation until the weight of each product 
lies within specified limits ; another is the 
automatic control of strip thickness in 
modern steel strip mills where the speed of 
passage precludes manual adjustment of the 
rolls to compensate for variation in the 
properties of the incoming material. 

The essential “‘ role” of electronics in the 
development of the fully automatic factory 
is, therefore, the provision of reliable sensing 
devices and of some kind of overall controller 
or computer. In most cases the controller 
is comparatively simple ; it is to be depre- 
cated that an impression has been created by 
the popular press that it is the computer 
which provides the key to the fully automatic 
factory of the future and that all that is 
necessary is to build cheap computers. 
Automatic sensing devices and materials 
handling devices are in most cases far more 
important. 

The factory of the future, and the near 
future at that, will consist of production 
and transfer machines with electronic sensing 
devices to control, inspect, count, sort, and 
pack the product ; these modern robots are 
the substitutes for repetitive human labour ; 
they can observe events with greater delicacy 
than the human senses ; they can work at 
much higher speeds ; they can leave a record 
of what they have done ; and they “ never 

“get sleepy no matter how late they may have 
been up the night before.” In consequence, 
they can relieve man of much of the monotony 
inherent in mass production, they can ensure 
greater uniformity of the finished product, 
they can save raw material, and they can 
increase Output because the working day can 
be indefinitely extended. 

In the fully automatic factory of the future 
the information generated by the production 
processes will be gathered automatically 
from these processes. It will be possible for 
a central computing mechanism to keep 
a continuous running record of each part 
that is passing through the plant. If the 
individual machine-control circuits are con- 
nected to the information-handling circuits 
of the office, a running record can be kept 
of the position of each part in the production 
process and of the number of acceptances and 
rejections at each manufacturing stage ; 
if a machine breaks down, the production 
of other machines and the flow of product 
units between machines will be adjusted 
automatically by the computer to compensate 
for the disruption. With continuous monitor- 
ing by the inspection devices machine failures 
can be reduced. The computer will take 
cognizance of the fact that trouble has begun 
and either correct it or inform the mainten- 
ance staff of the location of the trouble ; 
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this will occur before the machine actually 
breaks down, or before many parts are 
spoiled, or before machining time is wasted 
on parts that will subsequently be rejected. 

Production scheduling and production 
control will also be entirely automatic. 
Starting with the product output re- 
quirements, introduced into the computer 
on the basis of management decisions, the 
computer will automatically schedule the 
entire production processes of the plant and 
will take into account disruptions that occur 
in actual operation. By programming the 
machine with information now contained 
on parts lists, specification sheets, operation 
sheets, and other forms used in production 
control, it will be possible for the computer 
to determine the optimum runs for each 
production line, taking into account such 
variables as the cycle time of individual 
machines, machine availability, special re- 
quirements of certain components, and the 
probability that delays will occur at specific 
points. 

Under the most progressive present 
systems of production control, parts lists and 
specification sheets are in the form of punched 
cards. These cards are processed by office 
machinery to determine the material require- 
ments for production. With a computer, 
not only will parts lists be compiled but this 
information will be used also to determine 
the optimum scheduling of each production 
machine. Such automatic scheduling will 
be done in terms of criteria built into the 
computer’s programme. 

Once properly programmed a digital 
computer can automatically process a great 
variety of information and can take all 
necessary action in connection with its 
analysis. Using automatic typewriters and 
accounting machines it can be designed to 
perform all accounting and book-keeping 
functions of a business. If attached to the 
control of automatic-processing equipment 
it can monitor the operations of an entire 
manufacturing plant. By very rapidly 
“asking” a series of questions of each 
machine tool and each sensing device it can 
quickly correct errors which have occurred, 
or which certain combinations of events 
indicate will soon occur. With such computer 
control it is possible to extend the industrial 
use of the principle of ‘‘ end-point control ” 
—whereby a signalled change in the require- 
ments of the end product automatically 
brings about the necessary changes at each 
point in the manufacturing process. Such 
control is now possible in a limited number of 
the already highly automatic process. indus- 
tries, such as oil refining. By use of com- 
puters it will be possible to introduce end- 
point control in whole, or in part, to many 
other industries. 

Digital computers will provide a means of 
automatically governing the operation of 
much of our manufacturing equipment. 
Where processing equipment can economi- 
cally be connected to permit a continuous 
flow of product units, entirely automatic 
plants are possible ; in many more cases, 
portions, but not all, of the operations of a 
business can be put on an automatic basis. 
If used with insight and ingenuity, computers 
will permit relief from the most repetitive 
form of human work. They will make 
possible more rapid and less wasteful methods 
of increasing our productivity. By virtue of 
their great speed and ability to handle simul- 
taneously many variables they will permit 
many tasks to be performed which until now 
could not reasonably be attempted. 

“ Automation,” in the sense of the fully 
automatic factory, is just beginning to dis- 
place mental effort; just as mechanical 
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aids have very largely displaced man’s 
physical effort and produced the first indus- 
trial revolution, so will electronic aids 
ultimately displace man’s mental effort. 
It is this “‘ intelligent ” control of a complex 
process now made possible by such techniques 
which distinguishes them from all others and 
which legitimately can be called revolutionary. 

This is the object which control engineers 
are trying to attain, and their success will 
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represent one of the advances in technique 
which Sir Ben Lockspeiser said recently’ 
must be developed if the Chancellor’s hopes 
for a rapid rise in our standard of living 
are to be realised. 

The author wishes to acknowledge his 
indebtedness to those industrial organisations 
and publishers who have given permission 
to extract material, and to Unilever Limited 
for permission to publish this article. 


Agriculture 


By S. J. WRIGHT, M.A.* 


NTIL well into the nineteenth century 

nearly all farm implements were made by 
local craftsmen working, more. often than 
not, to the designs of individual farmers. 
There were innumerable types, each more or 
less confined to one neighbourhood, so that 
a distinguished French agriculturist of the 
period was led to observe that “ in England 
there are above a hundred ploughs, all of 
them bad.” One of the first men to set up 
a plough works from which a wider range of 
needs could be supplied was the Robert 
Ransome who was largely responsible for 
the all-iron plough, and who invented chill 
casting as a means of making self-sharpening 
plough shares. Other implement works 
followed, while the growth of agricultural 
engineering as a distinct industry was 
accelerated by the spate of new farm appli- 
ances that arose later in the century. This 
was a Golden Age of agricultural invention, 
partly as a result of competitions organised 
by such bodies as the newly formed Royal 
Agricultural Society, and partly because 
of the unceasing demand for labour-saving 
machines that arose from the opening up 
of the prairie lands of North America. 

But the factories that were set up to manu- 
facture these new machines in Britain 
were all situated in the Eastern Counties 
—as in America they were located on the 
threshold of the Middle- West—where 
the demand for their products was greatest, 
but where at the time little, if any, general 
engineering was carried on. And, whether 
or not as a result of this geographical divorce, 
there was, for a very long time to come, a 
sharp and discernable difference—in design, 
materials and construction alike—between 
the products of the implement factory and 
those of engineering proper. Perhaps it is 
only fair, however, to mention another 
reason—that mechanisation in agriculture 
is beset with the peculiar economic limitation 
that machines hardly affect actual production 
processes at all and cannot change their 
time table. Given a reasonable standard of 
husbandry to start with, for example, the 
mechanisation of corn growing will neither 
raise yields nor speed up growth; while, 
however costly the harvesting equipment may 
be, it can be used only for five or six weeks 
in the year. For reasons like this agricultural 
machines have always tended to be cheap and 
effective, rather than elaborate or even 
efficient in the ordinary sense, and perhaps this 
is why materials and manufacturing methods 
which were outmoded in other industries lin- 
gered in agricultural engineering for so long. 

Nevertheless, as this article is concerned 
to illustrate, most of the barriers between 
agricultural and general engineering have, 
in fact, been removed almost within the 
last decade. One side of the story, which 
needs to be told in some detail if the influences 
at work are to be understood, concerns the 
evolution of farm motive power from the 
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steam ploughing with windlass and cable 
which John Fowler and Robert Ransom:’s 
descendants contrived in the 1850s, through 
the “ oil-engined agricultural locomotive ” 
that appeared with the turn of the 
century, to the ubiquitous farm tractor 
of to-day. Another aspect may bz illustrated 
by the developments, largely independent 
of the tractor, that have arisen in the con- 
servation and storage of crops on the farm. 
Finally, there are the new links with engineer- 
ing, too numerous for more than brief 
mention, that have arisen from such factors 
as the spread of rural electrification, new 
techniques for processing crops between 
farm and consumer, and new scientific 
discovery on the control of weeds and pests. 

The designer of the first oil-engined agri- 
cultural locomotive was so careful not to 
flout tradition that he gave it a smoke-stack, 
and concealed his engine with what was to 
all appearances a steam boiler! Twenty 
years later, the farm tractor was still little 
more than a slow-moving stationary engine 
mounted, together with a crude transmission, 
on a heavy cumbersome chassis. 

The first break with this kind of outlook 
came, almost dramatically, in 1917 with the 
tractor which—it is said at the direct instiga- 
tion of Mr. Lloyd George—Henry Ford I 
designed and produced to assist our food 
production campaign. This tractor, powered 
by a relatively high-speed, multi-cylinder 
engine, with no chassis other than that pro- 
vided by the engine and transmission housing, 
and lighter by far than any of its predecessors, 
was widely criticised on its first appearance 
as being quite unsuited to agriculture. 
Nevertheless, from 1920 onwards the design 
was so widely imitated that practically every 
tractor that has come into large-scale pro- 
duction since has followed the same general 
pattern. Moreover, the actual model itself, 
manufactured first in the U.S.A., then in 
Ireland and finally in Britain, survived with 
very little essential change to bear, in the 
second world war, the brunt of yet another 
food production campaign. 

This tractor was probably the first agri- 
cultural appliance ever to be designed without 
reference to what farmers might think it 
should look like : the first in any modern 
sense—and as a natural consequence of 
being designed by the man who had already 
set the motor industry on its way—to be 
“* engineered.” More significantly the tractor 
marked the first step in the liaison between 
agricultural engineering and the motor 
industry, which, though it was not to come 
to full fruition for another quarter of a 
century, has now changed the whole pattern 
of farm mechanisation. 

Between the wars, while tractors on 
British farms were rising in number from 
the 2000 or 3000 left over from wartime 
food production to around 50,000, they 
were used for the most part alongside horses, 


4 in a speech entitied ‘““ Whea Industry and Science Get 
‘ogether,”’ given to the Institute of Directors in November, 1954. 
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and mairily to assist or replace them in the 
heavier work. Provided that the job was 
one in which greater power could be used 
to good effect a man with a tractor could 
accomplish as much as three or four men with 
pair-horse teams, and if the tractor cost 
more to buy and operate, this was offset by 
the saving in wages. But horses were still 
there for the lighter work; nor in the 
*twenties did it cost much to keep them. 
Corn prices were low and there was plenty 
of understocked grassland; while, as it 
used to be said, horses bred on the farm for 
sale to the town soon ran into money. In 
fact, by displacing horses from the roads, 
the motor industry itself did much to change 
the economics of horses on farms. Two 
major developments of the period were the 
power take-off with which the tractor engine 
could drive mechanisms, like those of the 
mower and binder, independently of land 
wheels, and the low-pressure pneumatic 
tyre which made tractors more mobile both 
in getting about the farm and for transport 
work. By and large, however, there was no 
real indication up to the outbreak of World 
War II that tractors would ever displace 
horses from farming as completely as they 
are doing now; nor had they yet done 
anything to reduce the great amount of 
direct hand labour still necessary not only 
in many aspects of crop production but also 
for innumerable farm chores. ; 


What has happened since the war is the 
result of many different influences, perhaps 
the biggest single one being that of the 
younger generation of farmers’ sons and 
farm workers who, as the result of their 
experiences in the Services or elsewhere off 
the farm, had become machinery-minded. 
Like the American farm worker whom the 
late C. S. Orwin used to tell about twenty 
years ago, they were no longer content to be 
“* chambermaid to a pair of mules.” If they 
were to be kept on the farm the farming 
must be mechanised. Moreover, men who 
are accustomed to control machines in their 
main work take unkindly to hand work in 
between, or in the off season ; while short- 
comings in this respect are accentuated by 
the higher statutory wages now payable. In 
consequence there has been a general urge, 
not yet fully satisfied, to use mechanisms and 
mechanical power for everything in farming, 
for all the everyday chores as well as for the 
cultivating, sowing and harvesting. 

For those who could see ahead immediately 
after the war there was foreshadowed a 
demand for all kinds of equipment outside 
the normal range of the implement maker : 
for loading and handling farm produce and 
materials ; for such tasks as trimming 
hedges or cleaning ditches ; for preparing 
and mixing feeding stuffs. Moreover, very 
often looking to farm mechanisation for new 
outlets for their energies, there were the 
many factories outside agricultural engineer- 
ing that had been expanded or brought into 
being to make munitions. By this time 
tractors had come into everyday use on most 
large or medium-sized farms and it was 
natural for designers to regard them, not 
only as the power units which would operate 
their new devices, but also, in many instances, 
as the basic structures on which newequipment 
could be mounted. In the meantime, even 
with the traditional ploughs, cultivators and 
harrows, a new conception of equipment that 
would be integral with the tractor instead of 
simply being hauled by it had arisen from 
Mr. Ferguson’s unit principle implements 
with hydraulic lift. Even before the war 
enough tractors embodying this principle had 
appeared to whet appetites for more, and 
in their plans for new post-war models most 


tractor manufacturers in both Britain and the 
U.S.A. were thinking on similar lines. 
Particularly in Britain this meant that tractor 
and implement designers could no longer 
work—as they had largely done hitherto— 
in isolation from one another, leaving their 
respective products to be matched up only 
by the farmer in the field. Whether in 
co-operation with old-established implement 
makers, or independently, tractor manufac- 
turers had necessarily to interest themselves 
in implement design, while in their new 
models they had also to pay some regard to 
all the new appliances which were likely to 
be attached to them. The result has been a 
happy one for all concerned : the age-long 
experience of the traditional implement 
maker has been wedded to the design and 
production know-how of the motor industry; 
a great deal of new manufacturing ability has 
been brought to the service of farming ; and 
to repeat a phrase already used, the barrier 
between agricultural and general engineering 
has virtually disappeared. There have been 
three major consequences, the first being that 
most traditional implements have acquired 
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tractor engines have even been built into 
production motor cars ; while, more recent 
still, the evolution of very small air-cooled 
diesels for an almost infinite range of appji. 
cations owed its inception mainly to agri. 
cultural needs. 

Quite another direction in which recep, 
farming progress has involved new engineer. 
ing enterprise is crop conservation and 
storage. One side of this arises from the 
growing popularity of combine-harvesting, 
and another from the need to reduce imports 
of feeding stuffs by making better use of 
our own fodder products. Two of the major 
inventions of the nineteenth century were the 
threshing machine and the reaping machine, 
and it was natural enough in the long run 
that the two should be combined so as to 
eliminate intermediate handling by Cutting 
and threshing grain in one operation. The 
original demand for this arose mainly from 
the prairie countries, and it was not until 
the 1930s that combined harvester-threshers 
began to come into use here. But in our 
climate grain at harvest time was very 
often not dry enough to be safely stored ; 


Tractor-operated sugar beet harvester designed by G.W.B. Farm Machinery, Ltd. The machine tops the beet, 
lifts it from the ground and conveys it to a vehicle running alongside 


an entirely new look, partly from the elimina- 
tion of self-lifts and general cleaning up of 
design that followed automatically from 
mounting them on the tractor, and partly 
from the use of a wider range of materials 
and manufacturing methods. Secondly, there 
has emerged an entirely new and extensive 
range of equipment for loading, digging, 
earth moving, and so on, which has not only 
brought into farming many appliances that 
were once available only to civil engineering, 
but has also taken the nominally agricultural 
tractor into fields of activity far removed from 
the farm. Finally, although, apart from re- 
styling, general appearance has altered very 
little, the functional attributes of the tractor 
have changed entirely. It is now literally a 
maid of all work, able to travel slowly or 
fast as required, able to operate economically 
in light work as well as heavy, and able, 
through its external hydraulic services, to 
operate mechanisms of ever-increasing 
variety. One very notable advance, with 
potential repercussions well outside agricul- 
ture, has been the development of the low- 
cost high-speed diesel engine with power and 
torque characteristics so well suited to the 
varying loads of farming. Diesel engines 
designed originally for farming are now 
being used to cheapen road transport ; 


so the introduction of the combine, as it 
is now commonly called, brought with it 
a need to develop farm grain driers. Until 
1939, when there were less than 200 combines 
on British farms, each had its own grain 
drier ; but, through shortage of materials, 
the two or three thousand additional 
combines that came into use during the war 
had generally to manage without them. 
Even with this greater number of machines 
the proportion of the whole grain crop that 
was threshed in the field was quite small ; 
and through the good offices of local millers, 
and with some help from Government- 
sponsored grain drying plants operated by 
county war agricultural committees, all 
the combined grain was handled without 
serious loss. Since the war, however, the 
demand for combines—not only to save 
labour but to reduce the weather hazard 
of the corn harvest—has so accelerated 
that it now seems not unlikely that the 
machine will soon be as universally used as 
the reaper-binder before it. This has brought 
the new problems arising from a big propor- 
tion of the total grain crop coming on to 
the market immediately after harvest— 
instead of being stored in the stack and 
threshed during the winter—and recent 
government policy has aimed, by price 


















differentials, at giving farmers an incentive to 

ovide their own storage for threshed grain. 
In particular, this has brought the science 
of pneumatics right on to the farmer’s 
doorstep in connection not only with the 
actual drying but also with the movement 
of grain through the installation as a whole. 
The drying of grain is not simply a matter 
of getting rid of excess moisture as quickly 
and cheaply as possible; if the malting 
qualities of barley, the baking qualities of 
wheat, and the germination of seed grains 
of all kinds are not to be impaired, there 
must be close control of temperature and 
also of the rate at which moisture is removed. 
Problems of air flow arise even with the con- 
tinuous drier in which heated air is blown 
through a relatively thin sheet of grain 
which is moving continuously meanwhile ; 
and, to a greater degree with batch driers 
in which similar sheets of grain are stationary 
during the drying. More recently, however, 
the incentive to provide storage as well as 
drying facilities has brought a new method 
into prominence in which instead of being 
dried the grain is “‘ ventilated” with cool 
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Pick-up baler for hay or straw, built by Bamfords, Ltd. 


independently by a twin-cylinder oil engine. 


air during bulk storage in bins. Here, 
particularly just after the grain is first put 
into bins, the question of air flow may be 
very critical indeed, for pockets of ‘damp 
grain may later be detrimental to the whole 
mass. One way of avoiding risks is a 
periodical transfer of the whole mass of 
grain from one bin to another so that 
it gets thoroughly mixed in the process. 
According to the particular layout—which 
is very often dictated by existing farm 
buildings—this and other transfers of grain 
from one point to another may be done 
either mechanically or pneumatically, while 
in the latter case the avoidance of mechanical 
damage from impact is yet another factor 
to be looked after. A great deal of experi- 
mental work on all this has been done, 
notably at the National Institute of Agri- 
cultural Engineering, and a great deal of 
engineering ingenuity put into the design 
of drying and storage plants. The con- 


struction of storage bins alone—involving, 
as it may do, materials as diversified as 
wood, breeze blocks and sheet aluminium— 
has brought farming new contacts with 
engineering industries. The instrumentation 
side of drying is also quite important: in 
connection with the measurement and record- 
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ing of temperature ; the automatic control 
of air burners and air intakes; and the 
measurement of moisture content in which 
physical, chemical and electrical methods 
are all used. The conservation of grass 
and other fodder crops is a more diversified 
subject with the final outcome still very much 
in the balance. The traditional method of 
conserving grass for winter feeding—and 
the one still most widely practised by 
farmers—is ordinary hay-making in which 
the grass is dried, from its original moisture 
content of perhaps 80 per cent to about 
14 per cent, by the natural agencies of sun 
and wind in the field. There have been 
notable advances in hay-making machinery 
but these, like the combine, are for the most 
part straightforward developments from 19th 
century inventions and need not be discussed 
here. One newer line of development that 
is worth brief mention, because it has a 
bearing on what follows, is that of machines 
which will bruise or crush the grass im- 
mediately after cutting so as to accelerate 
natural drying. The basic difficulty of hay- 
making in our uncertain climate is that it 
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This machine is hauled by a tractor and powered 
It can handle eight 60-Ib bales a minute 


is so liable to be interrupted by unfavourable 
weather that, more often than not, the 
resulting hay has a much lower nutritional 
value than the grass from which it is made. 
Moreover the one food element that every 
stock-rearing farmer would like to provide 
for himself is protein ; and while, if it is 
cut when young and green, grass has a high 
protein content, it is notoriously difficult 
to make into hay from this state and is 
normally left to grow longer, losing much 
of its protein meanwhile. Correspondingly 
the basic difficulty of all alternatives to hay- 
making is that they involve collecting and 
transporting from the field, not only a weight 
of material equivalent to that of the hay, 
but also the weight, four times as great, of 
the unwanted moisture. One such alterna- 
tive is silage making in which the grass, 
which can be cut while the protein content 
is still at its maximum, is put while still 
green into pits, stacks or silos where, given 
careful enough control, a process of fermen- 
tation not only preserves it but ensures that 
most of the original feeding qualities are 
retained. But silage is heavy and generally 
unpleasant to handle and, although some of 
the tractor attachments mentioned earlier 
have made the task easier, most farmers 
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and farm workers would prefer something 
different. 


Interest in artificial drying as an alternative 
to both haymaking and silage began twenty 
years ago, when experiments at Cambridge 
showed that, in this way, ordinary lawn 
mowings could be turned into a high-protein 
concentrate. The physical problems of 
collecting and transporting grass for drying 
are similar to those of silage-making and 
involve much the same equipment in the 
field. The agricultural problem, with any- 
thing but a small drier, is to maintain an 
even supply of grass. In May and early 
June there is a flush of grass heavy enough to 
overload even a large plant, while for several 
weeks afterwards the rate of growth is 
generally so far reduced that it is difficult to 
keep any plant working economically. In the 
drying itself, problems of air flow are even 
more critical than in grain drying, not 
because there is ordinarily any great danger 
of spoiling the product, but for the economic 
reason that, with a much greater weight of 
water to be removed, it is essential that every 
cubic foot of heated air should carry off its 
full quota. The earliest farm plant, and the 
one still most common for the production of 
telatively small quantities of dried grass for 
consumption actually on the farm, was the 
simple tray drier, in which air heated by 
being mixed with the gaseous products of 
combustion from an oil or coke-fired furnace 
is blown through the perforated bottom of a 
tray on which a layer of grass has been spread 
by hand. For uniform drying the grass 
generally needs to be turned over or trans- 
ferred to another tray at a halfway stage ; 
so that the method has a relatively large 
labour demand, and is not highly efficient 
from the standpoint of moisture removal 
per pound of fuel. Larger farms, and par- 
ticularly those which aim at providing dried 
grass for sale as well as for their own use, 
generally use conveyor driers which use 
recirculation of air to improve thermal 
efficiency and on to which the grass is fed 
and tedded mechanically. Finally, there are 
the “‘ factory ’ plants, very often using grass 
grown under contract on several surrounding 
farms, which use high temperature driers 
through which previously chopped grass is 
carried by the air-stream itself and dried 
almost instantaneously. Mention should also 
be made of a compromise process, somewhat 
analogous to the ventilation of grain in bins, 
which has found some favour, particularly in 
the north of England. In this, after wilting 
or partial drying in the field—and this can be 
done without much risk from bad weather— 
the grass is put into barns and finished off 
by ventilation with air which is heated, if at 
all, only sufficiently to lower the humidity. 
Grass drying generally involves much the 
same engineering problems as grain drying : 
all of them intensified by the different nature 
of the material ; the greater need for thermal 
efficiency ; and, at least with some types of 
drier, the much higher temperatures involved. 


The most recent development in protein 
conservation provides a still more striking 
example of the incursion of engineering into 
agriculture because it tackles the problem in 
entirely new and mechanical fashion. Briefly, 
the principle behind it is that, provided the 
cell structure of green crops can be thoroughly 
broken down, the greater part of their protein 
content can be expressed in juice : and that 
the solids in this can afterwards be coagulated 
by moderate heating or, more slowly, by 
settling alone. The worm mechanism used 
for rupturing the cells and expressing the 
juice bears some resemblance to that used 
for the extraction of vegetable oils from 
seeds, but has two main differences. The 
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worm itself has a tapered profile with 
diminishing pitch and tooth depth so as to 
exercise a wringing, as well as pressing, 
action; while instead of being expelled 
through the sides of the worm chamber, 
the juice filters back through the material 
to emerge near the larger end of the worm. 
Following coagulation and the squeezing- 
out of surplus moisture from the resulting 
sludge in a simple press, there are two end 
products. One of these is a reasonably dry 
“‘ cake” with a protein content of 40 or 50 
per cent ; while the other is a fibrous residue, 
nominally suitable for feeding as roughage, 
with about 8 per cent of protein and, pre- 
sumably, much of the original carbohydrate 
content. This is essentially a farm process 
because of the high cost of transporting 
green material, and because the outcome will 
depend largely on ability to make good use 
of the fibrous residue. Actual application on 
the farm is still very much a matter for 
experiment and trial; but, if it proves 
successful, the process will represent 
one of the most radical departures from 
traditional practice yet seen in everyday 
farming. 

In more specialised branches of agriculture 
other radical departures from traditional 
practice have arisen already from _ the 
extended use of electricity. There are, of 
course, innumerable instances on the farm 
in which electricity, without substantially 
changing methods, provides a more con- 
venient form of light, heat or power: for 
the safe lighting of farm buildings ; for the 
operation and automatic control of pumping 
sets and feed grinding installations ; and in 
connection with the ventilation methods of 
drying grain and hay. In dairying, too, the 
supreme virtue of cleanliness has brought 
electricity into every phase of milk produc- 
tion, from cow to bulk container, and has 
given rise to a completely new branch of the 
equipment industry. Apart from all this, 
however, electricity is introducing new 
methods in both pig and poultry husbandry 
as well as in the side of horticulture that is 
concerned with producing out-of-season 
crops. With both forms of livestock infra- 
red heating is being used to reduce infant 
mortality ; with pigs it is being used also to 
give the greater weight for age on which 
economical production depends ; while, by 
controlled lighting, the adult hen is being 
deluded into laying more eggs. Electricity 
in horticulture is mainly concerned with soil 
heating, the higher cost of heat itself being 
more than offset by the fact that with buried 
low temperature cables it can be applied, 
without need for the permanent installation 
of piping or anything of the kind, wherever 
it is needed. Again, with such crops as 
lettuce, artificial daylight is being used to 
promote winter growth. 

Apart from fresh fruit and vegetables, few 
of the products of agriculture reach the 
consumer in anything like the form in which 
they leave the farm. Indeed, some, like 
wheat and barley and hops, are very largely 
only the raw materials of other industries 
like milling and brewing. One instance of 
the kind in which there has been a very close 
inter-action between engineering and farming 
is sugar beet. In this country the beet sugar 
industry is of comparatively recent origin ; 
and, in view of the great efforts being put 
into the development and manufacture of 
beet harvesters and other labour-saving 
machines, it is strange to recall now that 
when the crop was first given official encour- 
agement in the 1920s, one main object was 
to check rural unemployment. In relation 
to world prices sugar made from sugar beet, 
wherever it is grown, has always been up 


against the difficulty that it can hardly 
compete on level terms with cane-produced 
sugar. On the other hand, the one justifica- 
tion for the crop in Britain—which the 
second world war served only to emphasise 
—is that it produces more human food an 
acre than any other. To-day, however, 
thanks very largely to what has been done, 
mainly in the field of chemical engineering, 
to improve processing techniques—by lower- 
ing fuel consumption, economising labour, 
and raising the sugar extraction ratio—the 
disadvantage of beet in relation to cane is 
smaller than ever before. Indeed, if what the 
industry has also done to give beet-growing 
farmers a cheap and valuable feeding-stuff 
in the shape of dried, and sometimes molassed 
pulp, is also taken into account, it is doubtful 
whether overall disadvantage exists any 
longer. Another off-the-farm aspect of 
agriculture which engineering developments 
have altered materially, with benefit to pro- 
ducer and consumer alike, is the marketing 
of fruit and vegetables. It would be difficult 
to estimate, for example, just what the 
canning that is now done in or near our own 
countryside means to the farming industry 
on the one hand, and to the tinplate industry 
on the other. Other instances are the gas 


storage and controlled ripening of fruit, the 
deep freezing of vegetables, and the refrig. 
erated transport of meat. Finally, there are 
the new links with engineering that are 
arising from new scientific discovery on the 
control of weeds and pests. 

Throughout this story, the one thing that 
has hardly altered at all is the actual succes. 
sion of operations—with plough, cultivator 
and harrows—with which our fields are 
cultivated. From earliest days of steam men 
have dreamed of applying mechanical power 
directly to soil cultivation, instead of simply 
to the pulling or carrying of existing imple- 
ments, yet by and large traditional methods 
have persisted. In the last analysis, however, 
these methods are concerned so largely with 
weed control that with the new selective 
weed killers now becoming available, the 
whole basis of cultivation may be altered in 
the future. In the meantime, what is to be 
marvelled at is the speed with which once a 
new herbicide has been discovered—generally 
in a field laboratory far removed from any 
factory—one or other branch of engineering 
makes it readily and cheaply available to the 
farmer. There are indeed no longer any 
barriers : engineering and agriculture go 
forward hand-in-hand. 


Marine Engineering 


By CAPTAIN (E.) W. GREGSON, R.N.R., M.Sc.(Eng.), M.I.Mech.E., M.I.N.A., M.I.Mar.E.* 


HE editorial in the first number of THE 

ENGINEER, in January, 1856, propounds 
the aims and objects of the founders of the 
paper and their intention of covering all 
branches of engineering—a policy which has 
been maintained throughout the succeeding 
century. It is, however, particularly gratifying 
to a marine engineer to find that, on turning 
over to the next page, the first descriptive 
article and illustration concerns a ship. 
True it was but a tug built for the Regent’s 
Canal Company, with propelling machinery 
resembling a locomotive ; each cylinder 
drove a propeller through bevel gearing. 


Fig. 1—Set of engines for S.S. ‘‘ Great Eastern ’’ (1858) driving propeller. This 
ship also had paddle engines. This Crown copyright photograph of a model is 
reproduced by courtesy of the Science Museum 


The design in question qualified for the 
premium of £100 offered by the Canal Com- 
pany for the best type of vessel for their 
local London services. Perusing the pages 
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Babcock and Wilcox, Ltd. 


of the January, 1856, numbers, we then find 
the first mention of an ocean-going steamship 
in a description of the American-built “ C. 
Vanderbilt” ; the description ends with 
these prophetic words: “...and appar- 
ently but little reliance will be placed upon 
her sails.” But sails remained as auxiliary 
to steam for many years, not for security of 
service, but to take advantage of favourable 
winds and so reduce the demand on fuel. 
The steamship had to give up space and 
allow for the weight of its machinery plus 
its bunker requirements : this represented 
a vital problem, as it meant sacrificing cargo- 
carrying capacity and 
therefore earnings. 
Which explains why 
the sailing ship per- 
sisted as an economic 
entity right up to the 
turn of the century on 
the long runs to the 
West Coast of South 
America, to Australasia 
and to the China seas. 


COMING OF THE IN- 

VERTED ENGINE 

The machinery seen 
in ships at sea in the 
eighteen-fifties (Fig. 1) 
covered a varied assort- 
ment of designs. 
The names of Napier, 
Penn and Maudslay 
appear frequently in 
references to marine 
propulsion and they 
and their contempor- 
aries designed and con- 
structed _ oscillating, 
trunk piston, side lever 
and many variations 
thereof. All these 
engines were slow-running long-stroke ma- 
chines, so when used for screw propulsion 
speed increasing tooth gearing had to be 
fitted. In 1856 H.M. Navy was using the 
horizontal trunk piston type of engine almost 
exclusively. 
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The inverted engine (“ built on the idea of 
the Nasmyth steam hammer”) came into 
being in the middle "fifties, and two early 
ships so fitted were “Thunder” and 
“Laconia,” in each case the engine consisting 
of twin cylinders of shorter stroke than main- 
tained with all the earlier types of engines, 
thus allowing for engine speeds commen- 
surate with propeller requirements. _Inci- 
dentally, “‘ Thunder ” carried 100 deg. Fah. 
of superheat although only working at 
14-5lb per square inch. Excepting for 
paddle propulsion, the inverted engine 
quickly displaced all other designs. The 
oscillating engine took over the powering of 
paddlers as earlier designs were discarded, 
to be replaced as steam pressures increased 
by diagonal engines of the type well known 
to-day, in, however, a class of vessel which is 
rapidly disappearing (F.g. 3). The modified 
beam engines of the U.S.A. rivers remained in 
their traditional form right up to a compara- 
tively recent date. 


COMPOUND ENGINES 


The outstanding development of the 
eighteen-fifties was the compound engine of 
John Elder, whose name will always be 
remembered in the annals of marine engineer- 
ing. A truly great en- 
gineer, Elder possessed 
great powers of appli- 
cation and the advan- 
tage of the compound 
engine was demon- 
strated in no small 
way when the Pacific 
Steam Navigation 
Company’s “ Callao,” 
“Lima” and “Bogota” 
were re-engined by 
Elder’s firm and cut 
their fuel consumption 
by something to the 
order of 40 per cent 
compared with the 
admittedly old engines. 
Actually the first steam- 
er to be fitted with a 
compound engine was 
“Brandon,” and she 
had been in service 
some two years before 
THE ENGINEER made its debut. Compared 
with contemporary designs of engine of the 
single-expansion type, the compound offered 
over 25 per cent reduction in specific fuel 
consumption, so it is small wonder that 
Elder’s invention marked an important phase 
in the development of the marine engine. 
By increasing its range of action: before 
demanding bunkers the steamer was now able 
to compete with sail on voyages which up to 
then had been considered appropriate only 
for sail. Elder gave some interesting com- 
parisons of performance in papers read 
before the British Association in 1858 and 
1859 and refers inter alia to ships with older 
machinery taking over 4 lb of “* best Welsh 
coal” per indicated horsepower-hour, com- 
pared with less than 3 lb with the new type 
of engine, and figures as low as 2 Ib of coal 
per indicated horsepower-hour were quoted 
as expectations. 


Fig. 2—Original 
Crown copyright photograph is reproduced by courtesy of the Science Museum 


BOILERS, CONDENSERS AND SUPERHEAT IN 
THE ‘‘ FIFTIES’? AND ‘“‘ SIXTIES ”’ 


At the time our story commences steam 
pressures were seldom higher than 30 Ib per 
square inch ; jet condensers were in common 
use and boiler design was extremely element- 
ary. Materials, apart from bearing metals, 
were limited to cast and wrought iron. But 
it was the boiler which was the real stumbling- 
block to progress : salt water feed resulted 
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in heavy deposits and scale in spite of frequent 
and heavy blowing down and accidents were 
only too common. The development of the 
surface condenser enabled the new compounds 
to function at some 60 1b pressure, but the 
early designs of surface condenser gave a 
good deal of trouble and it was not until the 
circulating water (instead of steam) was 
passed through the tubes that fouling was 
overcome. Fouling was due largely to the 
types of oil and tallow then in use for cylinder 
lubrication. It is interesting to note that 
the advantages of steam-jacketing were 
fully appreciated and, as already mentioned, 
superheating had come into practice. The 
trunk-piston engines of H.M.S. “ Black 
Prince” and “ Dee” in 1856 represented 
H.M. Navy’s first use of superheated steam. 
Later on, as pressures and therefore saturated 
steam temperatures increased, superheating 
went under a cloud, but in the ’twenties of this 
century it returned to marine practice and 
has been highly developed since. H.M.S. 
“* Constance” is believed to be the first naval 
vessel fitted with a compound engine and on 
a trial run from Plymouth to Madeira 
returned a coal consumption figure of 
2:51 Ib/i.h.p.-hour. H.M.S. “ Arethusa” 
and a series of sister ships were fitted with 





i 1 turbines of S.S. ‘‘ Turbinia’’ (Parsons Marine), 1894. This 


compound engines when converted from 
paddle to screw propulsion. 

The first ships of the Blue Funnel Line 
(in 1866) had single-crank tandem compound 
engines to reduce engine-room length and 
are reputed to have sailed from the Mersey 
via the Cape as far as Mauritius without 
refuelling ; possibly, however, one hold 
was allocated for additional bunkers on the 
outward run. The opening of the Suez 
Canal in 1869 reflected immediately on the 
increased use of steamships for Eastern and 
Far Eastern trade. ‘“‘ Canton”, built by 
Wigham Richardson in 1860, was fitted with 
Scotch boilers and a two-cylinder compound 
engine operating at 80 1b per square inch— 
well in advance of normal practice at this 

riod—and returned a coal figure of 
2°31 lb/i.h.p.-hour on her maiden voyage. 

Boilers were gradually being improved in 
design and the Scotch type of multitubular 
boiler was coming into service. The Belle- 
ville water-tube boilers were tried in the Navy 
as far back as 1860. The way of the water- 
tube boiler was beset with operational 
difficulties and high maintenance owing to 
feed conditions and, oddly enough, the 
earliest water-tube designs to go to sea were 
peculiarly susceptible to bad feed conditions. 
(Incidentally, H.M.S. ‘“ Thunderer” was 
the last capital ship to be fitted with rectangu- 
lar boilers at 30 Ib pressure, and that was in 
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1872). The later designs of Yarrow, Thorny- 
croft and Babcock and Wilcox produced 
boilers which really faced up to marine 
requirements. But there was a long way to 
go before the Merchant Navy became 
water-tube-boiler-minded and the factors 
that helped most—apart from the urge for 
space and weight reductions—were the steady 
improvements in condenser construction 
and materials. 


TRIPLE AND QUADRUPLE EXPANSION 


Dr. A. C. Kirk, who followed Elder at 
the (now) Fairfield Yard was responsible 
for the next major milestone in engine 
development. He worked on ideas already 
proposed by his predecessor and produced 
the triple expansion engine, giving lower steam 
rates per indicated horsepower-hour than the 
compound and calling for boiler pressures 
in excess of 100lb per square inch. One 
of the earliest examples was the machinery 
of ‘ Aberdeen,” built for the Australia 
run where sail competition was dominant. 
Her engines worked at an initial pressure of 
125 Ib per square inch. The writer remembers 
a description of the triple expansion engines 
of “‘ Arizona ”—a ship built soon afterwards 
—which figured in Rankine’s text-book, 
a copy of which was handed down to him 
in his boyhood in a very well-thumbed and 
somewhat tattered condition, but which formed 
one of his most treasured possessions. 
Incidentally, MacQuorn Rankine—a man 
of great intellectual stature who did much 
to guide contemporary thought and develop- 
ment—was the outstanding figure on the 
academic side of engineering in the middle 
of the nineteenth century. The triple 
expansion engine has persisted until today, 
but the advantages accruing from more 
fully expanding the steam before it entered 
the condenser brought forth the quadruple 
expansion engine in 1884; ten years later 
one of the most advanced quadruples (before 
the mighty Atlantic liner engines of the turn 
of the century) was fitted in “‘ Inchmarlo ”— 
built in 1894 with engines having split 1.p. 
cylinders and working on a 5-crank arrange- 
ment. She functioned at 225 lb per square 
inch with 100 deg. Fah. superheat and the ship 
is credited with a performance of 1-15 1b 
of “‘best” coal per indicated horsepower-hour. 
Towards the close of thecentury opinion varied 
between the merits of a 4-crank triple (with split 
l.p. cylinders) and a 4-crank quadruple, while 
the straight 3-crank triple still possessed a host 
of adherents. The method of assessing fuel con- 
sumption against indicated horsepower-hour 
(a readily ascertainable quantity, measured 
from indicator diagrams) undoubtedly clouded 
the issue as, if performance had been based on 
a brake horsepower-hour basis, it is probable 
that theincreased mechanical losses of the addi- 
tional cylinder and its motion and valve gear 
would have reduced the gross thermo- 
dynamic gain considerably. The applica- 
tion of the Yarrow-Schlick-Tweedy system 
of balancing did much to increase the 
mechanical efficiency of the 4-crank triple 
and so widen its usage, and it is undoubtedly 
a better all-round engine than the quadruple. 

The engines of the late ’nineties and early 
twentieth century were indeed striking 
examples of the art and craft of the marine 
engine designer and builder, and McAndrew’s 
description thereof—as voiced by Kipling— 
gives some measure of the perfection of 
rhythm which attended their operation. 

In the Royal Navy, H.M.S. “ Diadem,” 
built in 1898, had two sets of 4-crank 
triples operating at 300 Ib pressure and 

H.M.S. “King Alfred,” built in 1900, had 
similar engines of increased size capable of 
developing 30,000 i.h.p. on two shafts. 
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Engines for the Atlantic liners were in- 
creasing in power and the last ship to be 
completed by Harland and Wolff in 1899— 
“* Oceanic ”—had two sets of 4-crank triples 
developing 28,000 i.h.p. on two shafts. 
German-built liners entering the New York 
service in the early days of this century had 
even larger engines, those of “ Kaiser 
Wilhelm II.” giving 40,000 i.h.p. in toto on 
two shafts. Each set of engines consisted of 
a double quadruple engine with the h.p. 
cylinders in tandem. 


THE STEAM TURBINE 


We leave the development of the multi- 
expansion engine for the time being to turn 
to a competitor which entered the marine 
field at the close of the nineteenth century— 
the steam turbine. Curtis in America and 
Rateau in France were developing impulse- 
type turbines for land application, and Charles 
Parsons was pressing on in England with his 
reaction machine, and it is due to the genius 
and dynamic energy of Parsons that the 
steam turbine was first applied to marine 
propulsion. The story of “ Turbinia” is 
one of the best known epics in marine engi- 
neering : how in 1897, at the time of the 
Naval Review at Spithead to celebrate 
Queen Victoria’s Diamond Jubilee, the 
little “‘ Turbinia ’’—with Parsons and _ his 
colleagues aboard—ran up and down the 
lines of naval vessels at (then) unheard of 
speeds (Fig. 2). The Navy immediately took 
notice of this entirely novel system of ships’ 
propulsion and two destroyers—“ Viper ” 
and “ Cobra ”’—were built to try out the 
Parsons turbine.  [Ill-fate brought each 
vessel to an untimely end, but not through 
any machinery defects, and these experiments 
settled the future policy of the Royal Navy. 
The advent of “ Dreadnought” in 1906 
marked the beginning of a new phase in 
naval development and construction, and 
on the propulsion side she was fitted with 
four sets of Parsons turbines, and Babcock 
boilers—following the recommendations of 
the Boiler Committee in 1901 when Yarrow 
and Babcock and Wilcox were accepted as 
basic types for naval work. The former 
were at first applied to the lighter ships— 
destroyers and cruisers—and the header- 
type to the heavier vessels where their in- 
creased weight over the 3-drum design was 
still acceptable. 

The first application of the steam turbine 
to the Merchant Navy was in 1902, when 
“King Edward” was built by Denny’s 
for the Clyde Coast service. Two of the 
railway companies ordered similarly pro- 
pelled vessels, “Queen” for the Dover/ 
Calais service and “Brighton” for the 
Newhaven/Dieppe run. Remembering that 
cross-channel packets have the highest power/ 
displacement ratio of all merchant ships, 
the advantages of turbine machinery with its 
reduced weight were outstanding. Turbine 
drive rapidly became standard practice for 
all the railway steamer mail routes and, 
benefiting by naval experience, the adoption 
of water-tube boilers—Yarrow and Babcock 
and Wilcox—in order to effect further reduc- 
tion in machinery weight followed. These 
developments enabled higher powers without 
increased draught—the latter an important 
consideration in certain of the terminal ports. 
It must be remembered that at this period 
most cross-channel services were highly 
competitive and, in fact, service speeds were 
higher in the early days of this century than 
normally obtain to-day. The Laird-built 
vessels for the City of Dublin S.P. Co.’s 
Holyhead/Kingstown Irish mail service repre- 
sented, with their competitors the Denny- 
built L.N.W. Railway Co.’s ships on the 


Holyhead/Dublin run, the highest develop- 
ment of the reciprocator for these fast ships 
prior to the adoption of the turbine. 

Following experience in home waters the 
turbine was then considered for blue water 
tonnage ; as already stated the large trans- 
atlantic liners of the early 1900s were fitted 
with truly massive reciprocators, and the 
turbine offered great inducements. 

The Cunard undertook a classic experi- 
ment by placing with Clydebank an order 
for “ Caronia” with reciprocators and a 
sister ship “‘Carmania” with turbines on 
four shafts—two shafts with h.p. turbines 
exhausting to I.p. turbines on the other pair, 
and astern blading on one pair of shafts 
only. Whereas both ships were outstanding 
successes on the Western Ocean run “ Car- 
mania” demonstrated the advantages of 


entered service early in 1909, was the pioneer 
of many Harland and Wolff-built ships to 
adopt triple-screw “ mixed” prime movers, 
The most famous ship with combination 
machinery of this type (Fig. 4) was “ Olympic,” 
followed by two sisters. The two four-crank 
triples of “Olympic” each had a service 
indicated horsepower of 17,000 and the Lp, 
turbine—taking steam from both sets of 
engines—developed 17,000 s.h.p. “‘ Olympic” 
entered the transatlantic run in 1911 and was 
throughout her career a great success. She 
possessed the outstanding virtue of ample 
power in hand to meet her service require- 
ments. 


THE GEARED TURBINE 


All these early turbine-propelled vessels 
were direct driven, turbine and propeller 


Fig. 3—Three-cylinder compound engines of P.S. ‘‘ Empress Queen ”’ (Isle of Man Steam Packet Company). 
Developing 11,000 i.h.p. these were the highest powered paddle engines ever built (Fairfield, 1897) 


turbine machinery. The Allan Line (now 
Canadian Pacific) was also early in the field 
with turbines for its Liverpool-Canadian 
service. Then followed those two famous 
vessels “‘ Lusitania” from Clydebank and 
** Mauretania’ from Swan, Hunter’s, the 
latter with turbines built by Wallsend 
Slipway under the eagle eye of another of the 
great figures in marine engineering develop- 
ment, Andrew Laing. And so the steam 
turbine steadily became the accepted method 
of propulsion for all vessels involving high 
powers, the reciprocator filling the needs of 
lower powered ships; certain steamship 
lines, however, carried on with reciprocators 
for medium powers until their post-Great- 
War programme. Incidentally, the non- 
contaminated exhaust of the steam turbine 
freed the water-tube boiler from one of its 
greatest bugbears. 


EXHAUST TURBINE DEVELOPMENT 


A contemporary development for high- 
powered ships comprised two sets of triple- 
expansion engines on wing shafts and a 
centre screw driven by a Lp. turbine 
taking its steam from the reciprocators and 
so enabling better use to be made of the 
steam in the I.p. and vacuum range ; 
manceuvring was carried out on the recipro- 
cators alone, cutting out the turbine when 
going astern. The first ship so fitted was 
“‘ Otaki,” of the New Zealand Shipping 
Company, built by Denny’s ; she went into 
service late in 1908. But the system was 
especially developed by Harland and Wolff 
and “ Laurentic,” of the White Star, which 


shaft running at the same speed, and Parsons 
realised that to obtain a substantial increase 
in overall efficiency it was necessary to 
reduce the slip due to fast-running propellers 
and at the same time increase the efficiency 
of the motive unit by running at high blade 
speeds ; the arrangement hitherto was a 
compromise militating against high efficiency. 
Parsons therefore developed the idea of 
reduction gearing and first tried it out in the 
re-engined “ Vespasian ” in 1908, with appre- 
ciable increase in fuel economy. Then—as 
ever—the railway companies were well in 
the van of progress and the Fairfield-built 
““Normannia” and “ Hantonia,” for the 
Southampton/Havre service of the L.S.W.R. 
Company, were the first two passenger/mail 
vessels to be so fitted. It is of interest to 
remember that ‘“ Normannia” remained 
in service until some three years ago, 
when replaced by a new vessel of the same 
name. 

The natural sequel to the success of single- 
reduction gearing was to get a wider 
differential between turbine and propeller 
shaft speeds without excessive diameter of 
the main wheel by the introduction of double- 
reduction gearing. The first ship to be fitted 
with this type of gearing was ‘‘ Somerset,” 
but the early installations did not always 
meet with success and were often very noisy. 
It was realised that very accurate gear-cutting 
technique must be available before this 
development could be used for marine 
purposes, and in due course improved gear- 
cutting brought double-reduction gearing 
back into service and it is now adopted on 
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a wide scale. The modern gear-cutting 
machine is indeed a masterpiece of the 
machine tool art. 


THE DigseEL ENGINE 


So far we have surveyed the story of steam ; 
in 1912 the diesel engine (Fig. 5) went to sea 
in “Selandia,” of the East Asiatic Company, 
followed by “ Jutlandia.” Experience had 
already been gained in a few lower-powered 
ships, but these two cargo-passenger liner 

s of vessel really put the heavy oil 
engine into the marine field. “ Selandia’s ” 
two engines, four-cycle, single-acting, eight- 
cylinder units developing 2480 b.h.p. together, 
were built by Burmeister and Wain ; 
“ Jutlandia’s ” were constructed by Barclay, 
Curle. The 1914-18 war held back develop- 
ments on any large scale in Great Britain, 
but meanwhile Danish, Dutch, Swedish and 
Swiss firms of world repute were forging 
ahead and many of our shipyards in due 
course operated under licence from these 
companies. It is interesting to note that the 
original engine patented by Diesel was to 
use coal dust and not oil, but the inventor 
never got far on solid fuel. By the early 
‘twenties the oil engine was well established 
in the British merchant service. Early in 
the field was Harland and Wolff, which had 
taken out a Burmeister and Wain licence 
before the war ; subsequent Harland engines 
designed and built on underlying Burmeister 
and Wain principles have included the largest 
marine diesels ever built. Sulzer, Werkspoor, 
Polar and other types were built by British 
shipyards and Doxford had steadily de- 
veloped its own design of opposed piston, 
two-stroke engine, and that firm and 
its licensees probably produce the largest 
number of medium-sized engines in Britain, 
particularly for cargo vessels. Names which 
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Many of the early engines worked on the 
four-stroke cycle, and double-acting designs 
of high power came into service ; examples 
of these engines are still running in the 
Cunard’s ex-White Star “ Britannic” and 
“Georgic.” But the two-cycle engine— 
simpler and of lighter specific weight— 
gradually took the field and here again 
powerful double-acting engines were fitted 
aboard large vessels. Typical of these 
double-acting, two-cycle engines are those 
built by Harland’s for the Union-Castle 
Company’s “Capetown Castle” and her 
two sisters; these ten-cylinder engines 
develop 16,000 s.h.p. each, i.e. 32,000 s.h.p. 
per ship. 


HIGHER STEAM PRESSURES AND SUPERHEATS 

In the ’twenties it really looked as if steam 
was on the decline and would become sub- 
merged by the diesel for all but very high 
powers where the lighter-weight steam machi- 
nery could still hold its own. But steam took 
up the challenge and the adoption of higher 
pressures and superheats, improved cycle 
conditions (multiple bled-steam feed heating, 
&c.) and ancillary equipment for boilers such 
as air preheaters and/or economisers, made 
great strides. Sir Charles Parsons and his 
colleagues and friends were again in the van 
of progress, and “ King George V” was 
built and engined for the same company that 
owned “ King Edward,” to establish modern 
steam conditions at sea. The first large liner 
to incorporate high pressure steam for pro- 
pulsion was the Holland-America Line’s 
** Statendam,” built and engined by Har- 
land’s. This ship, which went into the 
transatlantic service in 1929, was an out- 
standing success and set a standard for what 
steam could achieve: incidentally, her 
auxiliary load was carried by diesel-electric 
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Fig. 4—A set of four-crank triple-expansion engines of the White Star Line’s triple-screw S.S. ‘‘ Olympic” 
(Harland and Wolff), 1911. The illustration is redrawn from an original in a lecture by C. C. Pounder (Belfast 
Association Engineers, March 3, 1948) 


will always be associated with marine oil 
engine developments in the British Isles are 
C. C. Pounder, of Harland and Wolff, and 
K. Keller, of Doxfords. 

The marine oil engine was a highly efficient 
prime mover right from its inception. 
Although specific fuel consumption has been 
improved during the years, developments 
have been largely by way of reducing weight 
and space and maintenance costs, which 
latter were heavy with the earlier engines. 
Successive developments include the change- 
over from air to solid injection, the adoption 
of supercharging and improved scavenging 
arrangements, the use of more appropriate 
metals for cylinder liners and pistons, 
and the wide adoption of fabricated entabla- 
tures to replace castings and so save weight. 


generators—a system largely used at the 
present day. 
OIL FIRING 

In the ’thirties a galaxy of noble and 
modern vessels was built for many diverse 
services and with these vessels oil-fired 
water-tube boilers operating with steam 
conditions of 450 lb per square inch, coupled 
with a final steam temperature of 750 deg. 
Fah., became standard practice. Incidentally, 
all the older large liners were converted to 
oil fuel in the twenties, ships like ‘‘ Olympic,” 
“ Aquitania” and “ Mauretania” coming 
under this category, but still running on 
saturated steam from their original Scotch 
boilers. The liners of the ’thirties all adopted 
water-tube boilers with great savings in 
weight and space, and included “ Empress of 
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Britain,” of C.P.S., new vessels for the 
Orient and P. and O. (the engineering master- 
pieces of James Callender of Vickers- 
Armstrongs), the Clydebank-built “‘ Queens ” 
of the Cunard, followed by the new “ Maure- 
tania,” built by Cammell Laird’s, and 
“ Andes,” from Harland’s, for the Royal 
Mail Lines—the latter with steam at 500 Ib 
superheated to 800 deg. Fah. At the same 
time the United States and Continental yards 
were building large liners embodying the 
principles of modern steam. 


BACK-TO-COAL EXPERIMENTS 


In the ’twenties and early "thirties experi- 
ments were tried out at sea on burning 
pulverised coal in order to reduce manpower 
and attain higher combustion efficiencies 
than could be obtained by hand-firing, as at 
that time coal was still an economic fuel for 
lower powers, or, again, for short cross- 
channel runs. These experiments also ex- 
tended to colloidal fuel but for a variety of 
reasons inherent to marine practice they were 
not a success. Firing by mechanical stokers 
was then tried out and proved highly 
successful when associated with water-tube 
boilers, but the coal era was on the decline 
as far as ship propulsion was concerned and 
oil was steadily gaining favour with its 
outstanding advantages in simplified bunker- 
ing, ease of storage and simplicity of control 
for high-efficiency operation. World War II 
and subsequent events have practically 
banished coal from sea except for certain 
classes of low-powered ships. 


MODERN PRACTICE 

With improved alloys now available the 
latest practice in high-powered vessels has 
centred on 650 Ib/850 deg. Fah. at the 
superheater stop valves, and British-built 
installations are now at sea involving a 
900 1b/900 deg. Fah. cycle. Descriptions of 
many of these vessels have appeared in 
articles in THE ENGINEER within the last few 
years and so hardly come within the orbit of 
a historical survey. The writer believes the 
first of the 650 Ib/850 deg. Fah. cycle liners 
were the Belfast-built “ Pretoria Castle ” and 
“Edinburgh Castle” for the Union-Castle 
Line. It is of interest to remember that when 
the turbine was first entertained for sea 
service by Parsons it was an all-reaction 
machine : the impulse designs took up the 
challenge, and in Great Britain Clydebank 
were the protagonists of the Brown-Curtis 
turbine, with which the name of Stephen 
Pigott will always be associated. Gradually 
the designs of marine turbines began to merge 
and for modern tonnage the general practice 
is impulse for the h.p. and reaction for 
the lp. stages, the intermediate blading 
varying between the two systems. Astern 
running is invariably carried out on impulse 
wheels. All-reaction and all-impulse ahead 
designs are, however, still favoured by some 
owners. More advanced steam conditions 
may be used and in fact are in limited service, 
but the law of diminishing returns is an 
important factor. It must be remembered 
that with few exceptions marine machinery is 
of much lower power than maintains in land 
power station practice, and scale effect has 
a big influence in determining optimum 
economic steam cycle conditions. 

Turbo-electric and diesel-electric drives 
have found limited application, some of the 
outstanding examples of the former being 
in the Furness-Bermuda liners “‘ Monarch 
of Bermuda ” and “ Queen of Bermuda”; in 
the P. and O. Company’s “ Viceroy of 
India,” ‘“* Strathaird ” and ‘“Strathnaver”’; 
in the 1946 “‘ Beavers ” of Canadian Pacific, 
which utilise steam conditions of 850 lb 
per square inch superheated to 850 deg. Fah. 
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and reheated at 160 Ib per square inch to 
850 deg. Fah.; and in a number of modern 
tankers. 


SURVIVAL OF RECIPROCATORS 


The complete success of turbine machinery 
has not, however, eclipsed the steam recipro- 
cator, which still finds economic application 
in the lower ranges of power, say, 3500 s.h.p. 
downwards. Modern developments include 
the application of the Bauer Wach system 
exploited in this country by Swan, Hunter 
and their associates, and which covers a 
low-pressure turbine geared into the main 
shaft through an appropriate coupling. Fuel 
economy to the order of 25 per cent over the 
straight triple is afforded by this system. 
The name of P. L. Jones, of Swan, Hunter 
will always be associated with this develop- 
ment in heat engine technique. Another 
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and associated with a tubular air preheater in 
the flue gas discharge, immediate success 
was attained and boiler efficiencies improved 
to the order of 15 per cent. This reflected 
directly on fuel consumption. The Weirs 
added their quota to improvements in marine 
propulsion, and apart from their feed pumps 
they, contemporaneously with Professor 
Elliott, expounded the thermal advantage of 
a bled-steam cycle associated with the boiler 
feed system. The firm of Weir was also a 
leader in the introduction of the evaporator 
at the turn of the century, and at a later date 
it developed the closed feed system, which 
is now in standard use to maintain optimum 
feed conditions for high-pressure boilers. 

The last twenty-five years have seen a great 
advance in instrumentation, thereby enabling 
accurate records to be logged and conducing 
to efficiently maintained operation. Using 
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Fig. 5—One set of diesel engines of the East Asiatic Company’s motorship ‘‘ Selandia ’’ (Burmeister 
and Wain), 1911 


system is the North Eastern Marine inter- 
cylinder reheat engine, which owes its incep- 
tion to the work of Harry Hunter. A third 
method of improving the efficiency of the 
reciprocator is by interstage steam com- 
pression driving the compressor by an 
exhaust steam turbine. This system was 
developed by Gotaverken in Sweden. 


ANCILLARY EQUIPMENT 


Another outstanding technical develop- 
ment towards the end of the first world war was 
the Michell thrust to replace the multiple- 
collar thrust which had been used for years 
and which—with the higher powers now 
obtaining—became inordinately large, bulky 
and complex. One of the earlier vessels to 
be fitted with the Michell thrust was the 
cross-Channel steamer “ Paris,” and H.M. 
Navy very quickly took advantage of this 
innovation, the destroyer “‘ Leonidas ” being 
one of the first naval vessels to be so equipped. 

The whole of our story is linked in by 
inventions and developments of ancillary 
equipment as well as the main engines them- 
selves. James Howden endeavoured to 
introduce forced draught for boilers as far 
back as the 1860s but, confining his efforts 
to undergrate air, met with little success. 
When the matter was reviewed in the early 
1880s with a split and controllable air stream 


the principles of instrumentation linked in 
through servo-operated mechanism, the age 
of automatic combustion control is now 
with us—again to the advantage of opera- 
tional efficiency. The work of Dr. E. G. 
Bailey in America has been outstanding in 
this connection. 


MODERN BOILER PRACTICE 


Near-perfect feed conditions coupled, with 
oil firing, have completely revolutionised 
marine boiler designs within the last twenty- 
five years. Small tubes are now permissible 
and detailed study of circulation problems 
has enabled the boiler designer to reduce 
size and weight to a fraction of what it was 
less than a generation ago. Babcock, Foster- 
Wheeler and Yarrow (to put these names in 
alphabetical order) dominate the marine 
field and in all cases small tubes, with a varied 
degree of water-cooled furnace according to 
ratings, are standard present-day practice. 


RESEARCH AND DEVELOPMENT 
Progress in the metallurgical field has 
been a dominating factor in marine engineer- 
ing progress, whether steam or diesel. The 
limiting factor in the development of the 
heat engine is metallurgical and, indeed, the 
metal theme runs right through the picture— 
down to bearing metals and condenser tubes. 










Science and research have played a notable 
part particularly during the last quarter of g 
century, and the fundamental work carried 
out in the applied science departments of 
universities and technical colleges has been 
followed by applied research in indus 

and by bodies such as the National Physica} 
Laboratory, the British Shipbuilding Re. 
search Association, and by the Parsons and 
Marine Engineering Turbine Research and 
Development Association—Pametrada, for 
short. The equipment in the latter’s research 
station at Wallsend-on-Tyne now allows 
inter alia, for full power testing of marine 
turbines ashore—hitherto impracticable jp 
this country, although practised in the U.S.A. 
at the Naval Research Station at League 
Island since the 1920s. Testing of recipro. 
cating engines—steam and oil—has always 
been possible at sea by indicating, and jj 
engines could be shop tested against a 
dynamometer (thus correlating i.h.p. and 
b.h.p.), but turbines could not undergo other 
than light steam shop tests until the 
Pametrada station was available. Investiga- 
tion of gearing under full load conditions js 
now practicable—and it is a long road from 
the cast iron gears of the slow-running 
engines of 1856 (when the problem was 
gearing up to propeller speeds) compared 
with the examples of to-day, with pitch line 
speeds to the order of 300ft per second and a 
loading of 12001b per inch of tooth face 
of primary pinions. And, of course, all these 
advances were only possible as the art of 
machining progressed, and the machine tool 
is one of the keys to modern practice. 


SoME COMPARISONS WITH 1856 

Looking back over the century we can 
certainly claim spectacular achievement in 
the art of marine propulsion. The require- 
ments to be met still remain as they did in 
1856—complete reliability coupled with high 
economy in fuel and minimum weight and 
space for the machinery. Often there have 
been frustrations to technical advance—the 
use of superheated steam and double- 
reduction gearing, each of which went under 
a cloud, have already been instanced—but 
the line of general progress has been upwards. 
Maybe “ line ” is the wrong word, as a series 
of steps is a more accurate description of the 
graph of progress. The propelling machinery 
of a famous ship in the 1850s—** Asia ”—is 
credited with a fuel consumption of 4 Ib of 
** good Welsh coal” per indicated horsepower- 
hour. Converting this to a shaft horsepower 
basis with a factor of 0-9—which probably 
flatters the cumbersome engine concerned— 
this works out at an overall thermal efficiency 
of approximately 5 per cent. Elders’ compound 
brought the efficiency figure up to as high as 
8 per cent and, jumping the years to a modern 
oil-burner consuming 0-53 Ib of fuel per shaft 
horsepower-hour, the efficiency figure is of 
the order of 26-5 per cent. The marine oil 
engine of to-day has an overall thermal 
efficiency of 37 per cent. 

Elders’ compounds gave an all-in machinery 
weight of 4-7 i.h.p. per ton and the triples of 
the 1880s 6-0i.p.h. per ton. Converted to shaft 
horsepower on a 0-9 factor these figures be- 
come 4-2 and 5-4 respectively. Early direct- 
drive turbines with Scotch boilers are credited 
with 14 s.h.p. per ton. Compare these with 
two fairly recent cross-channel packets with 
oil-fired water-tube boilers and geared turbines, 
where the shaft horsepower per ton of mach- 
inery weight in working conditions runs 
out at 19 and 41 respectively. True, the 
latter is rather special for merchant service, 
as in order to develop the required power 
on a limited draught, the propeller speed is 
385 r.p.m. H.M. Navy calls for a much 
greater power/weight factor than maintains 
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in the Merchant Navy, coupled with high 
efficiency to enable runs of long endurance 
to be carried out. The result is that the 
Royal Navy adopts the most advanced 
steam machinery which it is practicable to 
combine with the requirements of complete 
service reliability. 


FUTURE POSSIBILITIES 

The general situation regarding the con- 
ception and practice of our subject matter 
was in a highly interesting state of develop- 
ment in 1856. In 1956 we find ourselves in 
exactly the same state, as the gas turbine 
has already gone to sea in the Shell Tanker 
Company’s “Auris” sponsored by John 
Lamb, and we can definitely look forward 
to developments in connection with this 
new prime-mover. And beyond the gas 
turbine THE ENGINEER has already noted a 
stil more advanced system of marine 
propulsion—the use of nuclear energy at 
sea aboard the U.S. submarine “‘ Nautilus.” 
And so we go on as generation succeeds 
generation—always aiming for the stars 
but as good realistic marine engineers 
keeping our feet well planted on the deck, 
as no advance in technique can be tolerated 
unless associated with reliability in service. 

The operation of modern marine 
machinery calls for a high class of personnel, 
and marine engineering demands appro- 
priate professional qualifications based on 
the combination of technical study and 
practical experience for all senior engineer 
officers afloat. 


AUXILIARY MACHINERY 


Our survey would not be complete without 
a brief reference to auxiliary machinery, 
which has seen great changes in the course 
of a century. In the early days of our 
review most engine-room auxiliaries were 
operated from the main engine, and in fact 
this continued for many years and still 
applies to many reciprocating steam units. 
A century ago, ship auxiliaries were practi- 
cally non-existent. Gradually the auxiliary 
load grew both on the ship side, and on the 
“hotel” side of passenger vessels, and 
additive auxiliaries appeared in the engine 
and boiler rooms. At first electricity was 
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of steam and diesel, running the latter in 
port when the main engines and boilers are 
shut down. 


NAVIGATIONAL AND SHIP EQUIPMENT 


Modern navigational equipment has added 
its quota to the auxiliary load and the story 
of the development of the steering gear 
from hand operation to its present form of 
electric-hydraulic operation with telemotor 
control would form the basis of an interesting 
review. Cargo handling gear is becoming 
more and more electrified and the refrigera- 
tion plant becomes a major load in meat 
carriers and also in all classes of ships 
carrying perishables. The purely “ hotel ” 
load of a passenger vessel with its heating, 
lighting, galley, lifts, etc., can reach formid- 
able figures. The cargo pumping equipment 
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of a tanker involves power equivalent to 
a high percentage of main engine require- 
ments to enable quick turn-round. 


CONCLUSION 

The writer has mentioned a few of the 
names associated with the design and con- 
struction of marine propelling machinery 
during the century : he has also noted the 
responsiblities of the sea-going engineer. 
Between the two comes the superintendent 
engineer and his staff ; they have to select 
the most appropriate machinery the ship- 
yards can offer for their services and theirs 
is the responsibility for continued main- 
tenance in service. We have been fortunate 
throughout the generations in having men 
of knowledge, experience, judgment and 
wisdom to hold these positions. 


Aeronautics 


By H. G. CONWAY, M.I.Mech.E., F.R.Ae.S.* 


Y 1856, aeronautics as a science had 

scarcely begun. In 1848 John String- 
fellow had flown the first powered aeroplane 
in history, albeit a pilotless model, but none 
the less remarkable ; Sir George Cayley, the 
“father of British aeronautics,” had laid 
the foundations of the new science, the 
steam engine had paved the way for the 
internal combustion engine, and Congreve 
had made a weapon out of a Chinese toy— 
the rocket. 

In the next forty-seven years progress 
towards the successful man-carrying aero- 
plane was slow. Lilienthal and others made 
gliders, Langley and Maxim built important, 
but unsuccessful, aeroplanes, but perhaps of 
greatest importance was the evolution of the 
gas and petrol engine by Lenoir, Otto and 
Benz, and its successful application to road 
vehicles. The Parsons turbine of 1884 is of 
paiticular interest in retrospect, although its 
effect on aeronautics was not felt for sixty 
years. 

Then, on December 17, 1903, a really 
important milestone was reached—the first 
flight of a man-carrying aeroplane by Wilbur 
and Orville Wright, at Kitty Hawk. 


nuclear physics, has progress been at such a 
fantastic rate. 

It is worthwhile to recall a few simple 
Statistics. The speed of manned aircraft 
has now risen to 1650 m.p.h. (Fig. 1a) ; 
the maximum altitude of manned aircraft 
has reached 79,000ft (Fig. 1b); the power 
of a single engine unit has risen to 15,000 h.p. 
(or a possible 25,000 h.p. if information on a 
Russian engine is correct) (Fig. Ic) ; while 
the specific weight per horsepower has 
dropped to the astonishing value of 0-14 Ib 
per horsepower (Fig. 1d). The aeronautical 
industry is now one of the major industries 
of the world, in Britain in particular it being 
one of the country’s important exporters 
(Fig. 2a) ; it was able to keep no less than 
1-8 million persons in direct employment in 
Britain at the peak period of the war, and 
can to-day occupy more than 250,000 
(Fig. 26). The importance of air transport 
can be gauged by the fact that in 1955 more 
than 60,000,000 passengers were carried 
by commercial airlines throughout the world 
(Fig. 2c) ; this is the more remarkable when 
it is remembered that transatlantic air travel 
only began ten years ago, and now carries 
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Fig. 1—(a) The progress of speed in air travel as indicated by the official speed record; (b) the progress of the official altitude record; (c) the development 


of engine power ; 


limited to lighting, but nowadays it has 
taken over practically all auxiliary services 
and generation is afforded either by steam 
driven sets—turbo-driven in all but the 
smaller classes of vessel with light electrical 
load—or by diesel-driven sets (which applies 
to steamships as well as motorships) and 
indeed in many steamships by a combination 


Now, at the beginning of 1956, we look 
back on 100 years of aeronautical progress, 
a progress that was scarcely perceptible for 
the first fifty years, and which in the second 
half-century has been so great as almost to 
be incredible. In no other branch of 
engineering, or, indeed, science, not excepting 

* Director and Chief Engineer, Short Brothers and Harland Ltd. 








(d) the progress of the reduction of engine weight 


more. passengers annually than do ships. 

The engineer glancing at these diagrams 
will note that the most remarkable factor 
about most of them is the rapid rises in the 
last few years. The curves show that the 
rate of progress appears to be increasing ; 
certainly there is no reason to suppose that 
it will slacken off. We may thus conclude 
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Fig. 2—(a) The aircraft industry in Britain as a major exporter, (6) employment in the British aircraft industry, (c) the number of passengers carried by the world’s airlines 


that by 1966 we will be flying at 3000 m.p.h. 
at 80,000ft, with engines of 30,000 h.p. and 
specific weights of 0-08 lb per horsepower, 
and that civil air transport will be carrying 
90,000,000 passengers annually. 

These introductory remarks serve to set 
the scene ; we do not wish to stage a historical 
pageant with Stringfellow, Cayley, Lilienthal, 
Manley, Wright, Bleriot, Lanchester, Prandtl, 
Ricardo, Whittle, Sanger and the others as 
the actors; a few selected examples of 
progress in aeronautics and its impact on 
other branches of engineering may, however, 
be of interest. 

Aeronautical development as a whole 
has been profoundly affected by develop- 
ments in aerodynamics (theoretical aero- 
dynamics, wind tunnels and tunnel research), 
propulsion (high-efficiency piston engines, 
jet propulsion, gas turbines, rocket power 
plants), high-performance materials (alu- 
minium alloys, heat-resisting alloys), struc- 
tural methods (all-metal stressed-skin con- 
struction, the theory of buckling or elastic 
instability of structures), control and stability 
(aerodynamic control surfaces, servo-mech- 
anism theory, gyroscope devices), navigation 
systems (radar, v.h.f. radio, servo-mech- 
anisms, gyroscope devices). 

If defence demands have usually provided 
the incentive and the necessary finance (on 
a vast scale), it is these developments that 
have provided the technical means of achiev- 
ing solutions. Almost all have had a sub- 
stantial influence on parallel branches of 
engineering. Indeed, the extent of the 
financial contribution, research work and 
engineering talent in the aircraft industry 
could hardly be expected to do otherwise. 


AERODYNAMICS 


Early aerodynamicists had noticed that 
the natural shape of the fish produced the 
lowest drag and many of the earliest designs 
for aeroplanes illustrated parts of the struc- 
ture with streamlined shapes. However, 
the lifting surfaces were always more or less 
flat. It was not until 1895 that the English- 
man, H. F. Phillips, disclosed the idea of a 
curved aerofoil and discovered that with it 
lift could be substantially increased over that 
obtained from a flat surface. He was 
probably the first to appreciate that lift 
really arises from the increased velocity 
of the air over the upper surface rather than 
from the impact of the air on the lower, 
inclined surface. 

In retrospect, it seems strange that early 
workers had not realised the significance 
of the curvature of the wings of birds, 
although the fact had been observed even 
by da Vinci. As F. W. Lanchester wrote in 
1907 in his book Aerodynamics, “‘ it is scarcely 
credible that so marked a peculiarity should 


have escaped observation for centuries.” 

Lanchester himself was one of the impor- 
tant workers in the field of theoretical 
aerodynamics ; Prandtl in Germany was 
perhaps of even greater importance although 
his work was not widely known until later. 
Most important of all in this early period was 
the building of the first effective wind tunnel 
by Eiffel in Paris in 1912, to be followed by 
others all over the world. Aerodynamic 
theory could now be applied to the design 
of practical aeroplanes. 

The next major development, which took 
place after the first world war, was the 
introduction of wings with convex lower 
surfaces in place of the arched wings of the 
first successful aircraft. Aerofoil develop- 
ment in the wind tunnel had evolved shapes 
with adequate lift and yet much less resistance 
to forward flight than the early profiles 
(Fig. 3). The increased thickness of this type 
of wing enabled a proper structure to be 
introduced into it and paved the way for the 
elimination of the braced biplane. 

Very considerable developments took place 
in the period up to about 1935 in the develop- 
ment of high lift devices, including leading 
edge slots and trailing edge flaps. All these 
enabled the lift co-efficient of the wing to be 
improved and often improved stalling charac- 
teristics. They resulted in faster flying due 
to higher wing loadings but enabled reason- 
able landing speeds to be retained. 

The next twenty years, however, have seen 
many major developments, particularly in 
the region of high speed flying where the so- 
called “‘ Sound Barrier ” has been penetrated. 
Knowledge of supersonic flight and the effect 
of shock waves has increased, the pioneer 
work of Ernst Mach some 80 years ago in 
this field being commemorated by the Mach 
number terminology for speed relative to 
that of sound; the brilliantly simple con- 
ception—due to Germany—of sweeping 
back the leading edge of wing in 
order to delay compressibility effects has 
enabled transonic flight to be achieved 
without expected difficulties actually material- 
ising. Early knowledge of the significance 
of the boundary layer and the advantages 
of laminar flow have more recently been 
exploited, as structural development has made 
practical the very thin wing; engineering 
progress, particularly with turbine engines, 
where large supplies of compressed air are 
available, has enabled a start to be made 
on methods of augmenting the lift of a wing 
by means of sucking or blowing techniques 
over all or part of its surface. 

All this work has naturally been of pro- 
found significance in the aeronautical field ; 
it has also had an indirect effect in many 
other branches of engineering, in some 
cases of some magnitude. For example, 


the design of turbine blading has been 
assisted by the understanding and theoretical 
knowledge of the flow of compressible 
fluids. The stage efficiency of a good 
steam turbine has now been increased to 
the relatively high figure of 88 to 92 per cent 
due to improved aerodynamic knowledge 
and the development of means of accurate 
manufacture of turbine blade assemblies. 

A recent paper by F. Dollin* pays a gener- 
ous tribute to aeronautical development. 
“* The new approach ” he says, “* to the study 
of blading losses provided by wind-tunnel 
methods of testing is accompanied by a differ- 
ent mental approach to fluid flow problems. 
Steam turbine designers from the earliest 
days have been accustomed to thinking in 
terms of flow through nozzles, and blade 
passages, whereas modern aerodynamic 
thought considers the flow of fluid around 
aerofoils and other solid bodies. There is 
no doubt that the new outlook has given 
engineers a new awareness and has added 
greatly to our knowledge ...”. 

Similar if less spectacular advances have 
taken place in the design of fans. Axial 
flow fans are now produced with thin 
aerofoil blading and the design of centrifugal 
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Fig. 3—Aerofoil sections 


fans has benefited from work on aero engine 
superchargers and, later, gas turbine com- 
pressors. 

The practice of streamlining rapidly moving 
vehicles such as motor cars or locomotives has 
become well established. It is now usual 
for high performance road vehicles to be 
tested in wind tunnels in the same way as 
aeroplanes are ; many railway trains, par- 
ticularly in the U.S.A., have been similarly 


*“ Factors Influencing the Continuing Development of the 
Steam Turbine,’ Parsons Memorial Lecture, thejInstitution of 
Mechanical Engineers, October 29, 1954. 
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treated. The advantages to be gained from 
streamlining, even in the case of road vehicles 
travelling at not more than 60 m.p.h. are 
ter than is generally realised. A low 
drag car or bus can have a fuel consumption 
20 or 30 per cent less than the same vehicle 
with a more conventional shape. The gains 
in the case of trains are not perhaps so 
spectacular but are nevertheless sufficiently 
worthwhile to justify the streamlining of 
most modern high-speed trains. The relation- 
ship between smooth air flow and noise 
level is beginning to be understood, and wind 
tunnels are now used to produce silent travel. 
Modern bridge design has benefited greatly 
from aerodynamic research carried out in the 
U.S.A. and in this country. The failure of 
the Tacoma Bridge in the U.S.A. in 1940 will 
be recalled as a first example of a bridge 
which failed due to wind excited oscillations. 
Research in the wind tunnel has led to an 
understanding of the reasons for this pheno- 
menon and has produced simple techniques 
for fairing or streamlining of the section of 
the bridge, so that oscillations are stable. 
It is now standard practice in the design of 
any long suspension bridge to submit models 
to wind tunnel tests to establish the safety 
of the design under wind loads. To quote 
from D. B. Steinman,f “‘ A suspension bridge 
may be made safe in two ways. One is to 
stiffen the structure by bracing stays so as to 
prevent and to damp destructive oscillations, 
‘ . the more scientific —— is to 
apply aerodynamic principles to design bridge 
cross-sections which are fundamentally 
stable. The wind tunnel tests have produced 
the necessary data ; they show how the form 
and proportions of a bridge section, with 
suitable openings in its horizontal width, can 
be designed to give it stability in any wind. 
It is sounder and more economical to elimin- 
ate the cause than to build up the structure to 
resist the effect. Many suspension bridges 
have had to be reinforced in recent years to 
make them safe. Ai 
a oy Bridges,’’ Scientific American, Vol. 191, No. 5, November, 
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Fig. 4—Typical steam turbine for comparison with Fig. 5 


In Britain similar work has been carried 
out at the National Physical Laboratory on 
models to prove the safeness of the proposed 
Severn suspension bridge. The technique 
has been extended to include the study of 
undesirable effects due to the proximity of 
one bridge with another, where instability 
might arise from buffeting or disturbed air 
flow between the bridges. 


PROPULSION 


Until the advent of the jet engine it could 
be said that the aero engine had developed 
along lines differing less than might have 
been expected from the internal combustion 
engine of other spheres, such as road trans- 
port or marine propulsion. The small, 
comparatively high-speed engine used on 
commercial or passenger road vehicles was 
not of direct interest in the aeronautical 




















field where engines of much greater power 
were required and where relatively low 
rotational speeds of the propeller were desir- 
able. The development of compression 
ignition engines in the railway, marine and 
road vehicle fields was not in fact very much 
influenced by similar development work on 
the compression ignition engine for aero- 
nautical use. Here the advantage in fuel 
economy was largely offset by the extra 
weight of the engine arising from the use of 
higher compression ratios. 

Although the multi-cylinder V aero-engine 
has found its counterpart on road and rail 
vehicles, the air-cooled radial engine, which 
predominates in the aircraft sphere, is not 
used in other applications. The availability 
of large supplies of cooling air is obviously 
more or less restricted to aerial flight, and 
although air cooling of small engines on 



































Fig. 5—Aero engine gas compressor 
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motor cycles and cars has been successful, 
there is no direct equivalent of the large 
modern radial aero-engine 

In this country the Bristol Company has 
exploited the sleeve valve radial engine, but 
the valve system has been borrowed from 
the automobile world, where its use has 
Virtually disappeared. 

It is in the detail development of com- 
ponents for piston engines that the aero- 
nautical world has had an influence else- 
where. Knowledge of combustion problems 
and of detonation has resulted in the develop- 
ment of high-octane or anti-knock fuels 
incorporating tetra-ethyl lead. Originally 
evolved for aircraft purposes, high-octane 
fuel is now commonplace in every roadside 
petrol filling station. It has been possible for 
the compression ratio, and thus the thermal 
efficiency of the modern motor car engine, to 
be raised substantially over the last twenty 
years, resulting in improved performance 
and economy. The direct injection of fuel 
into the cylinder, developed for diesel 
engines, has been given much stimulus by 
wartime use on aero-engines. The replace- 
ment of the carburettor by fuel injection on 
the ordinary road vehicle is a development 
which we may expect in the next few years. 

As a result of the use of high compression 
ratios and high-octane fuels exhaust valve 
materials have been much improved and the 
use of hard inserts in the cylinder head is 
now commonplace on road vehicle engines. 
The widely used sodium-filled exhaust valve 
of the aero-engine has not yet, however, 
been used on road vehicles. 

Bearing materials evolved for aero-engines 
have had some influence on similar materials 
used on the ordinary stationary or road 
engine. The earlier technique of applying a 
comparatively thick layer of white metal to 
connecting-rod and crankshaft bearings has 
given way to the use of shells with very thin 
coatings of bearing material of low friction. 

Although supercharging of internal com- 
bustion engines for road vehicles has been 
confined to racing and sports cars, the tech- 
niques of supercharging used on aero- 
engines—centrifugal engine-driven or turbo 
exhaust-driven blowers—have had a parallel 
effect on similar equipment used on stationary 
or marine engines. Turbo blowers are now 
widely used in large engine installations. 

The impact of the aircraft gas turbine has, 
however, had a profound effect on the 
development of gas turbines in other spheres. 
The gas turbine has been an inventor’s dream 
ever since Charles Parsons showed that the 
steam turbine had become a practical reality. 
It is Whittle who deserves the credit for pro- 
ducing the first gas turbine jet engine, which 
ran first in 1937 and took the air in 1941. 
Many engineers in the turbine field knew 
before that date that the gas turbine was 
about to arrive and indeed the Swiss erected 
their first gas turbine electric generating 
plant in 1938. The aircraft application and 
the needs of war, however, provided the 
ineentive, and Whittle the mechanical genius 
and perseverance against great difficulty and 
prejudice. What Whittle did was to make a 
centrifugal compressor, evolve a combustion 
system more or less by trial and error, build a 
turbine with materials which were then avail- 
able, put the whole lot together and then 
succeed in running an engine which worked 
and was capable of sustaining the flight of an 
aircraft. When others saw what Whittle 
had done they knew they could do likewise. 
The great aero-engine and many of the steam 
turbine firms in this country and then in the 
U.S.A. all had aero-engines of one type or 
another running in the two or three years 
after Whittle’s engine first flew ; the turbine 


firms had much experience that could be 
applied once the way was shown (Figs. 4and 5). 

The application of the gas turbine to the 
generation of electric power which had 
begun in Switzerland was taken up in Britain 
and the U.S.A. in 1945. There are now a 
very large number of industrial gas turbines 
running in various parts of the world, not 
only generating electric power, but for railway 
traction and on both large and small ships. 
Few of the industrial gas turbines operate on 
the paraffin or kerosene which the aviation 
turbine uses. Industrial turbines use natural 
gas, peat or powdered coal, er liquid fuel, 


Plywood Leading Edge 


(a)—Wooden frame, fabric-covered wing. 


such as gas oil, where it is available at an 
appropriate cost. 

The advantage of a gas turbine in its low 
specific weight is not only of importance 
in the aeronautical field. The substantial 
weight saving which a turbine allows in 
railway engine or ship installations make it 
very attractive. The possibilities which 
arise from its low maintenance cost due to an 
inherent simplicity have also been appre- 
ciated. 

The development of large sizes of gas 
turbine has stimulated interest in small 
units for road vehicle use and for special 
applications, such as compressor drives or 
other auxiliary power purposes, where the 
low specific weight of a turbine is attractive. 
The road vehicle applications are probably the 
most difficult because of an inherently high 
fuel consumption. Several vehicle makers 
have already demonstrated small turbines, 
and since these usually enable the gearbox of 
the car to be eliminated the performance has 
generally been very satisfactory. However, 
it will undoubtedly be some years before the 
development of heat exchangers and other 
devices has brought the fuel consumption 


ig. _(6)—Normal stressed skin wing construction. 
(c)—Integrally stiffened, machined wing. 


Fig. 6—The development of aircraft structures 
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down to a commercially acceptable leve| 
In the case of the auxiliary drive units fuel 
consumption itself is usually of much legge 
importance than light weight; a reliable 
and reasonably priced unit would certain} 
find many applications in mines and ¢iyjj 
engineering undertakings. Several units are 
now being produced with total weights of 
about 2 lb per horsepower (shaft drive) or 
25lb per kilowatt of generator output 
The variable-pitch propeller is now q 
common feature of almost all modern aero. 
planes, other than pure jets. Although 
the original proposals to use pitch variation 
were made for ships 
many years ago (prac- 
tical tests had been 
made before 1856), the 
demands of aircraft led 
to the development of 
satisfactory engineer. 
ing designs including 
governing systems in 
the early 1930s. This 
work has now found 
its way back into the 
marine world and 
several designs of V.P. 
marine propeller are 
available in this country 
and in the U.S.A. The 
detail design methods 
and the technique of 
remote control of the 
pitch are very largely 
based upon _ aero- 
nautical practice. 


Wing Root 


Walkway 


MATERIALS 


It is perhaps strange 
that in the develop- 
ment of _ structural 
materials other than 
light alloys engineering 
as a whole owes little 
to aeronautics. The 
need for saving weight 
in the air has led to a 
continued demand for 
higher’ specific 
strengths, but other 
industries have not had 
a strong incentive to 
follow. 

One - hundred - ton 
steels have been known 
for many years, al- 
though they have not 
been widely used on account of high cost and 
difficulty of machining. Recently a tendency 
has been noted in the U.S.A. to heat-treat the 
same steels to 120 tons per square inch, where 
the general fatigue and impact properties 
appear, if anything, to be slightly better than 
at 100 tons per square inch. It will be of 
interest to see whether the use of these ultra- 
high-tensile steels expands. Aircraft have 
needed stainless steel in sheet form for struct- 
ural work and for engine components such 
as jet pipes and exhaust manifolds. Parallel 
applications have been made in other fields, 
particularly in the construction of high speed 
tailways. Apart from these steps, little pro- 
gress has been made in structural alloy steels 
for fifty years. 

The development of light alloys has per- 
haps been the outstanding example of 
material progress for the last few decades. 
Aluminium, whose own centenary was cele- 
brated a few months ago, remained a labora- 
tory novelty until the discovery (in 1907) of 
means for alloying it to enable it to be 
hardened ; this paved the way for the dis- 
covery of the high-strength alloys, which 
have made possible the all-metal aeroplane 
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Fig. 7—Power boosters or servo mechanisms. Farcot’s steam steering gear (1873) 


of to-day. This in turn has resulted in an 
enormous expansion in the production 
facilities of the material, and has led to its 
widespread use for decorative, electrical, 
packaging and domestic purposes, as well as 
applications where its strength is important— 
in building and transport. 

Early applications to the pistons of internal 
combustion engines where low weight and 
high thermal conductivity were advan - 
tageous, were stimulated by the needs of high- 
performance motor car engines as much as 
by aero-engines. The introduction of the 
earliest kind of high-tensile wrought light 
alloy (Duralumin) during the first world war, 
however, enabled aircraft designers, no doubt 
much stimulated by the use of this material in 
the Zeppelin airships, to begin to use the 
material. The first all-metal aeroplane (the 
Short Silver Streak) was produced in 1920, 
but as the proper use of light alloy requires 
the development and manufacture of the so- 
called stressed skin construction instead of 
the fabric-covered rib and spar method of 
the earlier aeroplanes, it was some time before 
all-metal aircraft became universal. To-day 
enormous productive capacity exists for 
rolling and extruding light alloy sheets and 
sections, while the stamping of forgings of 
several hundred pounds in weight is common. 

The non-aeronautical engineer may some- 
times wonder why, in spite of the very large 
productive capacity which exists in the world 
for producing light alloy, in spite of a sub- 
stantial decrease in its price, and the activities 
of various development associations, there 
is not a wider use of light alloy in other 
spheres requiring stress-bearing as opposed 
to decorative material. In the automobile 
world light alloy is sometimes, but not 
generally, used for engine crankcases, and 
more frequently on bodywork, particularly 
on the more expensive cars. It is not used, 
however, for the many small fittings, ‘levers 
and brackets, which could easily be stamped 
or cast and where substantial weight savings 
could be made. In the commercial vehicle 
world light-alloy bodies are sometimes used 
but by no means invariably. In rail transport, 
where weight saving is of equal importance, 
light alloy is the exception rather than the 
rule. In structural engineering bridges and 
hangars have been built in light alloy and 

stimulated no doubt by post-war conditions, 
large numbers of prefabricated buildings 
have been produced in the material. There 
is no sign, however, of a predominant place 
being taken in these spheres. The reasons 
for this are probably simple enough. In the 
structural and building spheres cost and, to 
some extent, the preference for traditional 
materials, are undoubtedly critical factors. 
In the transport field as a whole, apart from 
the cost factor, the most important criticism 
of light alloy is probably its low modulus of 
elasticity. It is comparatively unusual outside 
the aircraft field for structures or units to 
be designed with small margins of strength 
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safety factor and with 
a great deal of accur- 
ate calculation. The 
substitution of a nor- 
mal structural steel by 
light alloy will result 
in a reasonable saving 
in weight, but willalso 
give a_ substantial 
reduction in rigidity ; 
where extra material 
has to be used tocom- 
pensate for the loss 
of rigidity, cost is 
increased, and weight 
saving becomes un- 
economical. 

Many: miscellaneous materials have been 
stimulated to advanced development by 
aeronautical needs. The Nimonic_heat- 
resisting alloys used on turbine -blades are 
perhaps an outstanding example. Resin- 
bonded plywood, much used as a structural 
material for aircraft during the war, is widely 
used in other spheres, including small sailing 
craft. High-performance glues and adhesives 
for wood and for metal have all been able 
to make outstanding contributions outside 

















et || ' 


Fig. 8—Power boosters or servo mechanisms. Typical 
aircraft hydraulic flying control servo 


their original aircraft applications. Artificial 
materials such as synthetic rubber, silicone, 
&c., are other examples. Rayon and nylon, 
long used on aircraft tyres, are now 
widely used on vehicle tyres. Lead and other 
bearing bronzes originated for the aircraft 
engine. Titanium, at present suitable only 
for aircraft use due to its high cost, may in 
twenty-five years’ time be in the place that 
aluminium is to-day. Glass cloth and other 
high-strength structural plastics have been 
stimulated by aircraft needs. 


STRUCTURES 


Perhaps the most t f 
outstanding  differ- 
ence between the prac- 
tices of the structural 
designer in theaircraft 
field as compared 
with those in other 
spheres, is inthe much 
wider use of accurate 
calculation and con- 
firmatory test. In the at 
average engineering 
design office calcula- 
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case of bridge or building design, perhaps by 
one or two trained engineers who have 
specialised in the particular techniques of 
that industry. An aircraft design depart- 
ment, however, may have thirty stressmen 
for every hundred draughtsmen. Each 
drawing is stressed properly and the responsi- 
bility for each single component of the air- 
frame, as regards its strength, is carried as a 
matter of legal responsibility by some senior 
engineer. A record of all calculations is 
kept in book-form, running, in the case of a 
large aircraft, into a series of large volumes. 

Because of the necessity for accurate 
calculation of all sections to eliminate waste 
material and to save weight, classic simplified 
formule for the calculation of beams or 
struts have been replaced by more ambitious 
methods evolved over the years by such men 
as Southwell, Taylor and Timoshenko. 
In the last twenty years or so purely static 
calculations have been supplemented with 
dynamic or “ aero-elastic”’ calculations— 
that is, full account has been taken of the 
effects of distortion and strain during flight, 
particularly to limit or control vibration or 
flutter. 

It cannot be said that these practices have 
had a great effect in other branches of 
engineering, although there are signs that 
the principle of efficient use of material 
is accepted by some other industries. 
“* Experience gained from aircraft structures,” 
says a recent paper,* “‘. . . indicates that 
maximum efficiency and minimum cost go 
hand in hand with equality of strength of the 
structure as a whole and of the structural 
components.” The structure of the modern 
high-performance car, for example, owes a 
lot to the aircraft structural design, although 
the design of the chassisless pressed steel body 
of the cheap mass-produced car is probably 
evolved more by practical trial than bycalcula- 
tion. The appreciation of the significance of 
wind effects on bridge design has already been 
mentioned ; ambitious calculations have 
obviously to be made in the case of very 
large single-span roof buildings, where both 
wind and snow loads can be critical ; light- 
weight railway coaches have also to be stressed 
properly rather than designed empirically. 

The principle of the economy of material 
is perhaps the most important contribution 
to structural design technique that the aircraft 
industry has made. Because of the relative 
lightness of the structures and the use of thin, 
large-size elements, buckling or surface 
instability has been of much greater import- 


* The Use of Equal Strength Sections in Structure Design” by 
Kenedi and Harvey, Junior Institution of Engineers and Ship- 
builders in Scotland, Paper 1136, Nov. 7, 1950. 
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tions are usually done 
by the draughtsmen 
themselves, or, in the 


Fig. 9—Power boosters or servo mechanisms. Vehicle steering hydraulic servo 
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ance than in other spheres. The design turn to ribs and spars. Diagram (c) shows are obviously used to steer ships automatical} 
technique has been to make use of extensive the latest development, that is the use of as they do aircraft. Since, however, a ne ae 
ribbing to stiffen or stabilise the main surfaces large slabs of light alloy machined all over scope is only perfect within limitations of m 
of the structure with the object of obtaining with the complete contour of the surface its own gimbal bearing friction and accuracy $e 
failure and instability about the same time. of the structure, including all the longitudinal of balance it has always called for the highest m 
Extensive full-scale tests on all structures and transverse ribs and cut-outs. Awingmade degree of precision in manufacture, De. m 
are carried out up to destruction and a in this manner consists of a very few parts mands of quantity production in time of 10 
structure which fails at too high a load is only, although the parts themselves are sub- war have led to the spreading of the know. 
frowned on as much as one which fails too stantial and involve a great deal of work. ledge of its manufacture ; what is considered st 
soon. This practice of destruction test, The resultant structure is, however, not only to be exceptional precision now may be more be 
lighter but, because of the elimination of a widely known in ten years’ time. Whereas the hy 
large number of pieces and much riveting, earlier units had an ordinary mechanical gim. st 
is not in practice any more expensive to bal system and operated directly the valve of g la 
manufacture. It is too early to suggest servo motor, the modern unit may be liquid se 
whether this process of machining to form suspended so that is it not subject to accelera. tr 
will find a counterpart in other industries, tion shocks, and its motion is used only to ty 
move an electrical pick-off which exerts q 
smaller than the gl 


although it could be said that the practice 
of flame cutting steel structures from large 


friction infinitesimally 
friction of the servo valve on the early unit, 


plates is already comparable. No doubt 
the large automatic profiling machines which The drift rate of the early unit may be 


are being developed for the aircraft industry measured in terms of degrees per minute 
will find an outlet to other industries who will while the modern unit can have a drift rate 
eventually find uses for the technique. of some small fraction of a degree per hour. 
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CONTROL 
An _ interesting 
sphere where aero- 
nautical development 
has gone in parallel 
with and often led 
other specialised 
branches of engineer- 
ing, is in the develop- 
ment of control de- 
vices, usually auto- 
matic, and often mak- 
ing use of the gyro- 
scope. The gyroscope 
was used in torpedoes 
before 1900 tocontrol 
the direction of the 
weapon and on vari- 
ous other ship and 
gun control systems 
from about 1905 on- 
wards. Much of the 
early difficulty of 
achieving satisfactory 
powered flight was, 
however, related to 
the control of the air- 
craft and it is not 
surprising that sug- 
gestions were soon 
made for using the 
gyroscope as part of 


the control system. 
The earliest application (1891) was undoubt- 


edly by Sir Hiram Maxim who fitted two 
gyroscopes (one to control pitch, the other to ~can indeed take a large share of the credit 


control roll) to his early steam powered flying for its rapid development over the last 
few years. The mechanical servo mechanism 


We sO — 





Ton ou 


il 


d 


E 
Z 
iA ‘ 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
‘ZB 
Z 
Z 
‘A 
A 
A 
A 
A 
‘A 
Z 
g 
A 
A 
iF 
ze 
Z 
g 
'F 
Z 
g 
z 
Z 
ec 
e 
‘A 
Z 


IMT 





Fig. 11—London Airport seen through a Decca centimetric radar set on the 
control tower 





If the aircraft industry cannot claim 
the invention of the servo mechanism it 





model. 
It has been said that one of the outstanding was invented for ship steering by McFar- 
lane Gray (1867) and Farcot (1873)—Fig. 7. 
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achievements of the Wright Brothers was in 
their invention of a system coupling the rudder 
to their wing warping mechanism used to 
produce roll, so that they could make a 


Whitehead used it on torpedoes a few years 
later and as mentioned above it was used with 
early auto-pilots. Indeed it might be said 
that the successful use of a gyroscope implies 
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turn without sideslip. They kept this simple 
solution to themselves for a number of years, the use of a servo motor to limit the power 
and were thereby able to fly successfully demand on the gyroscope. The radio 
while other inventors were searching for the communication and electrical industries can 
trick, or contemplating fitting synthetic claim the credit for initiating recent 
stabilising devices based on the idea proposed activity in servo-mechanism development 
by Maxim. by evolving modern mathematical servo 
The next application of the gyroscope, theory from about 1935 onwards. During 
however, was in the first successful use of an the recent war this theory and practice was 
automatic pilot. E. A. Sperry, who had exploited in many directions for gunfire 
built his first gyro compass for an aero- control and various other military and 
plane in 1910, fitted a gyro controlled auto- aeronautical applications. To-day the servo- 
matic pilot to an aircraft in 1912 and in mechanism is a commonplace feature of 
1914 won the French Safety Prize in Paris, factory and machine, and its theory is a new 


being able to demonstrate the aircraft flying subject studied by all engineering students. 


safely with no one at the controls. The aircraft industry’s particular con- 
tribution has been in the development of 


Gyroscopes have little application on land C 
except on gun platforms on vehicles. They power controls for direct operation of the 
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Fig. 10—The German ‘‘ V2 ”’ ballistic rocket 


which has long been a feature of aircraft 
design, has found some, but not wide, appli- 
cation in other branches of engineering, no 
doubt on account of cost. 

Fig. 6 illustrates the development of a 
typical aircraft wing structure over the years. 
Diagram (a) shows an early design of wood 
and fabric wing, the structure consisting 
of spars and ribs of wood covered with 
doped fabric. Diagram (5) shows the normal 
type of stressed skin metal wing where the 
assembly is made of sheet panels with bent 
stiffeners riveted together, and riveted in 
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aeroplane control surfaces to amplify the 
manual efforts of the pilot. Instead of the 
servo of the automatic pilot taking over to 
maintain the aircraft on course, servo- 
mechanisms are now used on many aeroplanes 
to help the pilot under all conditions. 

Fig. 7 illustrates one of the first ship- 
steering servos by Farcot (1873), which should 
be compared with a typical modern aircraft 
hydraulic(oil) power servo, Fig.8. Farcotused 
steam, although others used water somewhat 
later. The latest application of the hydraulic 
servo is to vehicle steering gear and the illus- 
tration, Fig. 9, shows for comparison a 
typical steering servo for a heavy vehicle. 

The more recent needs of aircraft and 
guided missiles have led to the development 
of small electro-hydraulic servos where the 
input signal is derived from an electronic 
amplifier rather than from the movement of 
some lever or rod. With the future require- 





Fig. 12—Typical modern tractor with hydraulically 
operated excavator 


ments of process control, machine tools, 
&c., it seems likely that these small electro- 
hydraulic servos will find many future 
applications to engineering, for example, 
in the control of thickness in a rolling mill 
or the contouring of a copying lathe. 


AUTOMATIC FLIGHT—GUIDED MISSILES 


Early attempts were made at the end of and 
after the first world war to equip aircraft 
with fully automatic control devices so 
that they could be used as drones for target 
practice, or as flying bombs. Here aircraft 
followed the development of the torpedo, 
which was the first guided missile. 

The German “V1” flying bomb and 
“V2” ballistic rocket of the second world 
war were remarkable examples of engineering 
development—indeed, it -might be said that 
the “V2 was one of the outstanding 
engineering developments of this century. 
An interesting comparison can be drawn 
between an early Whitehead torpedo of 
about 1900 and the German “V2” 
(Fig. 10). The two weapons are not unlike 
in shape ; both have large storage vessels, 
the torpedo containing compressed air to 
drive the propeller motor and the rocket 
containing liquid fuel (liquid oxygen and 
ethyl-alcohol), which is subsequently burned 
in the combustion chamber of the rocket 
motor, the fuels being pumped by steam- 
driven turbo-pumps. The steering system 
of the torpedo makes use of a direction- 
controlling gyroscope and depth-sensing 
mechanism to maintain a path at a given 
depth of water. The signals from these 
controlling elements go to the valves of small 
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servo motors operated by compressed air, 
which, in turn, operate the steering rudders. 
The control system is more complicated in 
the case of the “ V2.” Initial control from 
vertical launch when the speed was low was 
by means of carbon deflector vanes in the 
jet efflux from the rocket motor. These 
vanes were moved by small hydraulic servo 
motors, controlling signals coming once 
more from a system of gyroscopes. 

The torpedo is expected to maintain a 
straight path until impact with the ship. 
The rocket, however, was launched vertically 
and then made to turn over slightly by its 
control system so that it began its trajectory 
in the correct direction. The fuel supply 
was cut off at an exact velocity as this had 
an important bearing on the ultimate range. 
This was effected by means of a novel and 
remarkable integrating accelerometer—the 
acceleration sustained being integrated elec- 
trically in order to determine velocity, the 
fuel valves closing when the integral of 
acceleration reached a predetermined value. 

The work of Whitehead at the latter half 
of the last century has always been con- 
sidered outstanding. He was one of the 
founders of precision engineering: the 
manufacture of torpedoes involved skill 
of a high order. The development of a 
ballistic rocket was, however, even more 
remarkable, involving as it did the entry into 
many unexplored fields of engineering and 
chemistry and the development of a whole 
host of control mechanisms, rocket motors 
of a size enormously larger than anything ever 
produced before, pumps and ground equip- 
ment on a vast scale. Not the least remark- 
able factor in this work was the enormous 
effort put into development before a satis- 
factory weapon was produced. Over 1000 
rounds were fired before operational success 
was achieved. Even then the percentage 
of failures was very substantial. 


NAVIGATION 


Over the years it is the mariner who has 
been largely responsible for the development 
of methods of navigation and of accurate 
timekeepers. Aeronautics has made its 
own special contributions in the fields of 
mapping and survey, although the outstand- 
ing developments have perhaps been more 
noteworthy since the invention of radar some 
twenty years ago. Since then the rate of deve- 
lopment has certainly been scarcely credible. 

Radar, or radio-location as it was called 
by its inventor Watson-Watt in 1935, intro- 
duced the technique of sending out short- 
wave radio pulses and measuring the time 
taken for them to be reflected back from some 
object encountered. The first systems used 
wavelengths of a few metres, but as com- 
ponents became available, centimetre, indeed 
millimetre, wavelengths were introduced. 
Originally evolved for the detection of enemy 
aircraft as an essential part of the air defence 
of Great Britain, it has since become exten- 
sively applied in the aeronautical and marine 
field for determining ranges from a few feet 
to hundreds of miles, and, indeed, to paint 
pictures with reflected radio beams instead 
of light waves. During the war the activities 
of a few brilliant engineers enabled a whole 
new series of navigation systems to be 
evolved, which have now been developed 
as standard fitments on ships of all types 
to enable them to navigate safely in all 
weathers, in dense fog and at night. The 
technique of the blind bombing which 
enabled the R.A.F. to see their ground 
targets through cloud from high altitude 
has now been extended to the screening 
or photography of land areas or even 
buildings through cloud or fog and can 
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produce radar pictures similar to that 
shown in Fig. 11. 

Navigation systems originally developed 
during the war make use of radio wave pat- 
terns emanating from two or more stations 
to enable an aircraft fitted with a suitable 
detection unit to get a cross bearing and thus 
read its position immediately ; this system 
has since been extended to the marine 
field, large areas of the oceans now being 
covered by these networks. Many special 
radio stations send out rotating V.H.F. 
beams which can give a ship or aircraft a 
direct range and bearing. 

The needs of aircraft in terms of reduction 
of weight and size have led to the develop- 
ment of a whole series of miniature radio 
components and valves. The general ten- 
dency has been for radio equipment to get 
smaller largely as a result of meeting aero- 








Fig. 13—A typical hydraulically retractable landing 
gear 


nautical demands. Domestic television has 
been helped by radar development. 


MECHANICAL EQUIPMENT 


A number of the ancillary devices which 
have been developed for aircraft have had a 
considerable influence on parallel develop- 
ments in general engineering. For example, 
the introduction of the retractable landing 
gear about 1932 created a demand for light- 
weight, high-pressure hydraulic systems for 
this duty. The conventional hydraulic 
system used on machine tools or on heavy 
equipment in docks and factories at that time 
was obviously quite unsuitable for airborne 
use, largely on account of the use of low 
pressures and in some cases water. The first 
hydraulic systems made use of simple com- 
ponents using methods and packings which 
had been common in the industrial field and 
which were scaled down dimensionally to 
save weight. New high-pressure pumps were 
designed and here again suitable designs were 
chosen from the enormous variety of indus- 
trial pumps which had been evolved over the 
period of years. By 1935 the practice of 
hydraulic operation had become established 
and a highly specialised hydraulic industry 
grew up in all the main aircraft producing 
countries ; a great deal of development work 
went into new lightweight constructions for 
hydraulic cylinders, valves, pumps, and pro- 
duced a large number of ingenious solutions 
to difficult problems, such as the mechanical 
locking of jacks and the control of flow to 
regulate speed, for sequencing operations. 

A simple but interesting example where 
6 
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industry as a whole has benefited from air- 
craft development is in the evolution of the 
O-ring. The original packings, as has been 
mentioned, were substantial and heavy ; 
static seals were largely made by screwing or 
clamping two components together with a 
gasket. Simultaneous development in Europe 
and in America of a simple square or circular 
section rubber ring, fitted into a groove with 
radial interference, enabled an extremely 
effective and remarkably light and cheap 
sealing method to be introduced. Now the 


Fig. 14—Typical aircraft disc brake 


O-ring is a standard device on every type of 
hydraulic or pressure system due to its small- 
ness, simplicity and low cost. 

Fig. 12 shows a modern tractor fitted with a 
hydraulically operated excavator as compared 
with Fig. 13, that of a typical modern hy- 
draulic retractable landing gear. The family 
resemblance between the type of cylinder or 
flexible pipe and the general method of tack- 
ling the problem can be noted. Most aircraft 
hydraulic firms are now producing similar 
components for the industrial field, often 
making use of similar high pressures. 
Whereas twenty years ago 500 Ib per square 
inch was considered a high pressure for an 
operating system, 2000 Ib per square inch is 
not now considered excessive on an industrial 
machine ; 4000Ib per square inch is now 
a standard aircraft system pressure. 

A similar development is taking place in 
the application of aircraft disc brakes to road 
vehicles. The classic type of brake on 
vehicles and other forms of transport has 
been the internally expanding or externally 
contracting drum brake. Under arduous 
duty this suffers from various defects, the 
most notable of which is the distortion of the 


Fig. 15—Racing car disc brake developed from the 
aircraft type 


drum as it becomes hot. The aeroplane 
designer’s solution to this difficult problem 
has been to develop the ventilated disc brake. 
Because of the need to conserve weight the 
mass of energy-absorbing disc in an aircraft 
brake is very small, meaning that tempera- 
tures are extremely high. Since the brake 
forces act normal to the two exposed surfaces 
of the disc, the disc being more or less 
unstressed mechanically, reliable performance 
with disc temperatures of 600 deg. Cent. 
or more have been achieved. There are 
already signs that similar brakes will be 
adopted for high-performance motor-cars, 
and it is quite likely that all vehicles will 
ultimately be fitted with some kind of disc 
brake to take full advantage of its improved 
performance. Figs. 14 and 15 show a 
typical aircraft disc brake in comparison 
with its racing car equivalent. 


CONCLUSION 

In the first hundred years of the publication 
of this journal the effect of aeronautics on 
engineering as a whole has been profound. 
The rate of progress, which has been spec- 
tacular in the last few decades, cannot be 
expected to be maintained indefinitely. We 
may expect in the next decade or so to be 
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flying at high supersonic speeds, to have Bot 
over or around the so-called “ heat barrier » 
to have developed long-range rockets for 
both military and, let it be hoped, Peacefy| 
purposes, and to have carried automatic 
control in flight to very much greater lengths 
But the thoughtful engineer may wonde, 
whether supersonic passenger flight is roynq 
the corner. In spite of all the progress Made 
in aeronautics, it is still true that some 
passenger air services are taking almost as 
long now as they did before the recent war 
The incentives for the fare-paying Passenger 
to fly at 300 or 400 m.p.h. in the comfort of 
altitudes of 20,000ft to 30,000ft are very con- 
siderable as compared with alternative forms 
of travel, but the incentives to travel at 1009 
m.p.h. at 60,000ft are relatively much less, 
Another war similar to the last would yp. 
doubtedly develop flight of this type to an 
appropriate degree of reliability. Withoy 
that kind of war or in the shadow of the 
thermo-nuclear bomb, military development 
may very well proceed along different lines, 
concentrating on the defensive missile and 
the long-range ballistic rocket, leaving trans. 
port to look after itself. Many engineers 
would be content in the circumstances with 
a less spectacular rate of progress. 


Land Transport 


By DR. W. H. GLANVILLE, C.B., C.B.E., M.I.C.E.* 


O review with any degree of completeness 
the ways in which developments in land 
transport during the past 100 years have 
influenced the advance of engineering and 
to study how engineering advancement 
has influenced land transport is a task of 
vast proportions. I can only hope to indi- 
cate very broad interactions between these 
wide fields of human activity, and to draw 
a few examples from my own special experi- 
ence, an experience which is heavily weighted 
on the civil engineering side of road transport. 
By 1856, after some thirty years of serious 
development, the railways had already 
attained about half their present mileage and 
were, by then, providing the framework for 
the transport system of the day. From 1900 
onwards the motor vehicle brought road 
transport back into the picture. Since then, 
road transport has, as everyone knows, 
advanced at an ever-increasing rate until 
to-day, with over 5,000,000 motor vehicles 
on the road, at least one-seventh of the whole 
national expenditure is on road transport and 
travel; this is three or four times the 
expenditure on rail transport. 


RAIL AND ROAD 


The way of life and the standard of living 
have always closely depended upon the 
ease with which people and goods can be 
moved from place to place—the ease of 
communication. The railway, coupled as it 
was to the industrial revolution, transformed 
conditions in the nineteenth century ; the 
motor vehicle has again transformed them in 
the twentieth. The location of industry, the 
siting of individual factories, the mode of 
operation of industry, the size and weight of 
units that can be transported, the way in 
which factories situated at some distance 
apart can nevertheless work together in 
creating the parts to be built into a whole 
unit are all material ways in which land 
transport has helped and influenced the 
many branches of engineering industry. 
Before the advent of the motor vehicle rail 
transport had created a more rigid pattern, 
lacking the flexibility of the pattern now 

*Director of Road Research, D.S.LR. 





emerging. The conception of factories dis- 
persed over a wide area with the roads form- 
ing the ‘‘ conveyor belts” between them is 
one that has developed with the changing 
conditions brought about by the motor 
vehicle as a result of the freedom of move- 
ment given both to the component parts and 
to the final product. 

By 1856, not only were the main lines of 
the railways already in existence, but the 
design of steam locomotives, rolling stock 
and permanent way were, fundamentally at 
least, already settled. By that time the 
pioneering railway engineers had influenced 
the growth of mechanical and civil engineer- 
ing in numerous ways: they had made 
thousands of bridges and subways, many 
tunnels, and embankments and cuttings in 
great numbers ; they had evolved a signalling 
system for safe transportation and they had 
built stations with high platforms and bridges 
for the safety of passengers. They had 
worked out principles of traffic segregation 
for rail traffic which in many ways were in 
advance of those used on the roads to-day. 
Compared with the effect of the achievements 
of the early railway engineers, it seems that 
since that time the influence of railway 
engineering on general advancement, although 
by no, means negligible, has been relatively 
small, though it is true that railways have been 
greatly influenced by advances in other fields, 
such as, for example, in electricity and in the 
development of the internal combustion 
engine, especially the diesel engine. 


ROAD TRANSPORT AND ITS INFLUENCE 


The effect of the development of road trans- 
port on engineering advancement has, of 
course, been much more recent and is virtually 
confined to the last fifty years. It was, how- 
ever, the invention of the pneumatic tyre 
and the safety bicycle which brought life 
once more to the roads of this country 
following their eclipse by the railways. It 
was, in fact, the agitation of the cyclists that 
brought the County Highway Authorities 
into being, but it was, of course, the internal 
combustion engine which was to create the 
great revolution in road usage that is still in 
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its growing pains, and to which no satisfactory 

yell-balanced solution has been found—the 

disparity between the highways and the 
qumbers, speed and size of the vehicles that 
they are forced to carry remains one of our 
most pressing problems. The increasing and 
igsistent demand by the public for motor 
vehicles, both for private and industrial 
urposes, has in fact created a vast industry 
with repercussions in every branch of 
engineering. Mass production methods, 
special machine tools, and new methods of 
roducing steel plates owe much to the 
motor industry, as indeed do many other 
manufacturing techniques, such as centri- 
fugal casting of metals to produce sound 
dense castings, hot and cold pressing tech- 
niques, painting by electrostatic methods, 
and rustproofing and chromium plating. 
Moreover, many of the materials developed 
for motor vehicles have found a ready use in 
other spheres. Cast iron is now a reliable 
stress-carrying material, largely because of 
the demands from the motor vehicle industry, 
and even highly stressed parts such as crank- 
shafts are now being made in cast iron. In 
many cases quite new materials have been 
developed, such as, for example, safety glass 
in the form of laminated or toughened glass, 
and these have stimulated developments out- 
side the vehicle industry. Completely new 
industries have been created for the pro- 
duction of lubricants and fuels for internal 
combustion engines ; and these industries 
have in their turn, by making use of chemical 
and physical advances in other industries, 
yielded many valuable products from what 
were at one time waste products. 

The aeroplane in its early days depended 
for its power on the petrol engine developed 
for road transport. Its special needs— 
lightness and strength combined with extreme 
reliability—have been a continuing challenge 
to engineers and the results have been fed 
back into motor vehicle engineering. Simi- 
larly, in agriculture and in civil engineering 
and building, the internal combustion engine 
has provided the power unit for the revolution 
in mechanisation that has taken place in 
recent years. It can also be claimed that the 
internal combustion engine and the motor 
vehicle have radically altered military engi- 
neering and the whole science of warfare. 
Synthetic rubber, first produced on a large 
scale to provide tyres for motor vehicles to 
overcome war-time shortage, is also asso- 
ciated in a similar way with land transport. 

This catalogue of influences from land 
transport to engineering in other branches, 
and, in return, from engineering to land 
transport, is seemingly endless, and: the 
difficulty is to know where to stop the 
enumeration and to begin with the more 
detailed examples. 


THE ROAD SURFACE 


From its earliest beginnings the motor 
vehicle has demanded more and more from 
the road and still continues to do so. 
McAdam said, quite rightly, that iron- 
rimmed wheels would grind the surface 
stones into a coarse powder which would 
act as a kind of cement, but with the advent 
of rubber tyres on road vehicles there was 
no grinding action ; instead the loose grit 
was sucked up, with the consequence that 
every motor vehicle was followed by a huge 
cloud of dust. The original water-bound 
macadam roads began to disintegrate as 
more and more motor vehicles came on to 
them. Seawater was found to be more 
effective in “laying the dust” than fresh 
water and the dust problem was so serious 
at the time that in the early years of this 
century plans were considered for bringing 
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sea-water by pipeline from Brighton to 
sprinkle on London streets : in fact, salt is 
still used in some countries where other 
methods are too expensive to use. Tar 
spraying, however, was to solve the dilemma. 
It was, therefore, the early motor transport 
with their rubber tyres which brought about 
radical changes in road engineering. These 
changes have brought in their wake the 
mechanisation of road-making, first in the 
form of steam rollers, then on to tar sprayers, 
asphalt and tar macadam plants and, more 
recently, automatic road-surfacing machines, 
earth-moving and compacting machines, and 
even quarry plant for producing the vast 
quantity of road stone now required. 


The tyre and the road surface are the sur- 
faces of contact between the moving vehicle 
and the road and it is the interaction of the 
two—in both dry weather and wet.and when 
ice is about—which largely determines the 
stability and safety of the vehicle. As 
vehicles are produced which are capable of 
travelling at higher and higher speeds, so 
must both the tyre manufacturer and the 
highway engineer seek to create conditions 
which lead to stability and safety at those 
speeds. The tread on the tyre must, so to 
speak, grip the pattern on the road surface. 
Appreciation of the importance of this grip 
has led tyre manufacturers to experiment 
with a wide variety of tread patterns, and has 
encouraged road research workers to study 
the way in which vehicles skid, the inter- 
action between tyre and road, how water is 
expelled from the surface of contact between 
the tyre and the road, the details of road 
accidents involving skidding, and ways of 
using stone and tar, bitumen or cement so as 
to give the most stable conditions for the 
motor vehicle. Of recent years it has been 
found that the higher speeds of post-war 
vehicles have resulted in the polishing of the 
stones in the road surface and turned what 
would appear to be a safe rough surface into a 
dangerous and slippery one. Research is in 
hand to ascertain where and when particular 
types of rocks can be safely used in road 
surfacing. 

The aeroplane and the motor vehicle are 
not only related by their use of allied power 
units but the land requirement of the aero- 
plane, its runway, has much in common 
with the road. It was, in fact, the highway 
engineer who was called in when at the 
beginning of World War II, the grass runway 
ceased to meet the needs of the aeroplane. 
The aircraft wheel load was at first com- 
parable with that of the road vehicle, but 
before long it became much greater—so 
great in fact that the crude rule of the high- 
way engineer that 6in of concrete was 
“* good enough for anything and if it wasn’t— 
well, make it a bit thicker” soon brought 
many troubles. These troubles led largely to 
the methods of design based upon the plate- 
bearing test and the “ California Bearing 
Ratio,” which were used as a measure of 
the strength of the supporting soil. These 
methods, refined and modified as a result 
of research and experience, are now exten- 
sively used in the design of road pavements. 
The huge level-surfaced areas required for 
airfield operation have, in fact, led to 
developments in the techniques of construc- 
tion, in earth-moving equipment and in 
concrete compaction and finishing, which 
are having a profound effect on highway 
building. The scale of this construction will 
perhaps be appreciated from Sir Ben 
Lockspeiser’s statement to the British Asso- 
ciation in 1952, that enough concrete was 
used in the construction of London Airport 
to build a motor road from London to 
Edinburgh. The interaction between tyre 
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and surface has also become of greater 
importance to the aeroplane of recent years, 
since jet aircraft cannot use reversed pitch 
propellers for braking, and have to rely on 
brakes on the wheels. This has led to 
research into the tyre-surface phenomena at 
high speeds. 
CONCRETE 


Although concrete has been used as a 
structural material for centuries—the Romans 
used it in building—it was not until 1873 
that the first concrete road was built in the 
United Kingdom. This early concrete was, 
however, a material of low strength and 
was far from reliable. Long periods were 
required for the strength to develop. It is 
only during the last fifty or sixty years that 
the science of concrete and reinforced concrete 
has been developed. Knowledge obtained 
from the use of concrete in structures of 
various kinds ied in fact to the serious use 
of concrete on a considerable scale for road 
building only after the first world war. 
With concrete mixed by hand, with the barest 
knowledge of how to choose the sand and 
stone, and with little appreciation of the 
importance of the amount of water used in 
making the concrete, there were many costly 
mistakes both in building and in road con- 
struction. The material then commonly 
used bears little resemblance in strength or 
other qualities to the modern highly- 
controlled concrete used, for example, in 
the factory production of prestressed con- 
crete structural units. The difference is 
between a concrete of, say, 10001b per square 
inch crushing strength and one with a strength 
approaching ten times that value. The 
design of concrete mixes for strength and 
workability and the application of quality 
control procedures have been greatly helped 
forward by experience and research on con- 
crete roads. The results of this work have 
now extended into many branches of civil en- 
gineering ; the building of dams, sea defences, 
airfields, and bridges are some examples. 

The greatest strides in the improve- 
ment of quality have been made during 
the past 25 years. For generations it was 
the practice to specify the concrete in 
terms of arbitrary proportions of cement, 
sand and stone. It is now increasingly 
common to use proportions based on a care- 
ful assessment of the shape and grading of the 
aggregates available, the kind of cement 
used, and the workability and strength 
required of the concrete. This procedure 
enables the cement and aggregate to be used 
in the most economical and efficient way. 
The properties of concrete are highly variable 
and many of the causes of this variation can 
be greatly reduced by adequate control of 
the materials and processes. Experience 
has shown that controlled concrete can have 
only a fraction of the variation in strength of 
uncontrolled concrete. Weigh-batching, and 
the careful control of grading of the sand and 
stone, and of the water/cement ratio have now 
found their way into most fields of civil 
engineering. Control has been especially 
developed and used in airfield construction, 
where the large masses of concrete needed 
offer particularly favourable opportunities 
for economy. 

Another development affecting the pro- 
portions of concrete, and one that was first 
applied during World War II on any con- 
siderable scale to road and airfield building, 
is the use of air entrainment, that is the 
addition of special agents to ensure that 
minute bubbles of air are produced when the 
concrete is mixed and remain in it when it 
has hardened. These bubbles are accompanied 
by a greatly increased resistance to damage 
by frost, particularly in concrete which is 
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not mixed with a low water/cement ratio 
and which is not properly compacted. Many 
stretches of concrete road built between the 
wars were of poor quality and suffered from 
scaling of the surface, especially in countries 
with a cold climate. The use of air- 
entraining agents makes it easier to produce 
frost-resistant concrete; so great is the 
improvement that in some countries only 
concrete containing such air is permitted 
to be used in roads and certain other struc- 
tures. In some countries the agent is ground 
with the cement clinker, as it can assist the 
grinding process. 

The need for the ancillary concrete pro- 
ducts used in pavement work, such as kerbs, 
flagstones and fence posts, has done much 
to develop the precast concrete industry. 
The hydraulic press was first used for manu- 
facturing paving flags in 1885, and their 
manufacture has formed an important part 
of the activities of that industry ever since. 
The use of precast posts for street lighting is 
a more recent development. With the appre- 
ciation that the control of the quality of 
concrete can be more simply and accurately 
achieved under factory conditions, the pre- 
cast industry has grown rapidly in the last 
few years. The difficulties encountered 
when concrete is made in situ can be almost 
completely eliminated in highly mechanised 
factory processes, and to-day we see very large 
factory buildings being erected with all or 
many of the reinforced concrete units forming 
the structural frame pre-cast and transported 
to the site ready for fastening together on 
the job. 

CONCRETING PLANT 


There has been continual interchange of 


developments and experiences in concreting 
plant between the various aspects of civil 
engineering. Mixing was the first process to 


be mechanised. It appears to have been 
developed during the 1870s, particularly for 
use in dock and harbour works. At that 
time mixers were either fixed or portable and 
were driven by gas or steam engines or even 
turned round by hand ; capacities were up 
to 1 cubic yard. Since that time develop- 
ments have been mainly in matters of detail 
and size rather than in the basic principle. 
As far as roads are concerned, the need for 
large volumes of concrete over an extended 
site have led to interesting modifications and 
the introduction of mixers mounted on 
crawler tracks to speed up the concreting of 
roads and runways. The use of concrete of 
low water content to obtain high quality has 
posed problems in efficient mixing and clean 
discharge which are receiving special con- 
sideration by manufacturers and research 
workers. To achieve its full density and 
strength concrete must be fully compacted. 
During the last forty to fifty years the main 
improvement has been in the increasing use 
of vibration to effect compaction. A 
vibrating device for pavement work has to 
meet different requirements from those of a 
vibrator used in mass concrete and rein- 
forced concrete structures. Road slabs are 
most conveniently compacted by a vibrating 
beam moving along the surface of the con- 
crete. Such machines were first used on a 
commercial scale in the early 1930s. 
Mechanical batching plants were first 
developed in Great Britain in the 1920s, 
when the constituents were measured by 
volume. But volume measurement has 
never proved altogether satisfactory, partly 
because the volume of sand depends on how 
much water it contains. The use of weigh- 
batching became increasingly common in 
road work and was widely used by 1938. It 
has since come into much more general use 
in other fields of civil engineering, so that it 
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is nOW common practice on all large jobs 
and many small ones to batch the materials 
by weight, plant for this purpose being avail- 
able in a wide range of sizes and types. As 
an example of the present state of develop- 
ment, mention may be made of a weigh- 
batching plant with push-button controls 
turning out sufficient material for about 200 
cubic yards of concrete per hour. Such 
plants not only produce large quantities 
of accurately proportioned materials, but 
they reduce labour requirements to a 
minimum. Wherever large quantities of 
concrete have to be placed—for example, 
in large main foundations, in dams, or 
in sea works—these batching plants are 
to be found. 
SoiL MECHANICS 


It is a matter of common experience that 
most soils in a certain. condition are suffi- 
ciently strong to support wheeled traffic. 
Their strength is reduced, however, when 
they become too wet or too dry, and we know 
that because of this the earliest roadmakers 
resorted to the use of layers of stone to 
support their vehicles, since they knew that 
the strength of stone is practically unaffected 
by water. The stability of a soil foundation 
to a road is in fact largely determined by the 
amount of water present, both on the surface 
of the particles and in the pore spaces. For 
this reason much attention has been given to 
the study of the movement of water in soil. 

This and allied subjects are of basic 
importance in civil engineering and the com- 
paratively new branch of engineering science 
—soil mechanics—has largely grown up 
around a study of the effect of the moisture 
content on the physical properties and 
behaviour of soil. The extent and com- 
plexity of the subject is great, for soils in the 
engineering sense range from gravels and 
sands, on the one hand, to peats and clays 
on the other. All branches of civil engineer- 
ing have contributed to the pool of know- 
ledge on the subject, for there are few prob- 
lems of stability and strength which are not 
of common interest. The civil engineer’s 
specialist knowledge has in turn developed 
very largely from the studies of the physical 
properties of soils made by the agricultural 
scientist, and although their paths have 
diverged in their specialist fields the agri- 
cultural scientist and the civil engineer still 
maintain close liaison and interest in each 
other’s work. For example, the problem of 
bacterial attack on stabilised soil used as a 
road material was studied by the Rothamsted 
Experimental Station. 

To return to the particular subject of the 
movement of moisture in soils, it has become 
clear as the research into road problems has 
progressed how wide the field of application 
may be; two examples that may be cited 
are foundations of buildings and dissipation 
of heat in soil. When desiccated clay soils 
are covered by impermeable building founda- 
tions, moisture accumulates under the struc- 
ture—partly as a result of the condensation 
of water vapour moving through the soil— 
and the accompanying swelling is liable to 
cause severe differential movements and 
subsequent structural failure. The same 
problem occurs in reverse, where con- 
tinuously fired kilns are constructed on 
shrinkable clay foundations. The drying 
clay leads to increasing settlement over long 
periods. The magnitude of the settlement 
must be estimated and as far as possible 
taken into account at the design stage. 

The thermal conductivity of soil increases 
with increasing moisture content. This is 
an important factor in the design and opera- 
tion of buried electric cables. The heating 
effect arising from the cable itself tends to 
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dry out the soil ; where however the oj) 
becomes abnormally dry, due, for example 
to the presence of fast-growing Vegetation 
or indeed to prolonged drought, the workin 
temperature of the cable may rise to a dan. 
gerous level. The increasing demand {o, 
electricity since the war has called for , 
closer examination of the soil properties 
that largely determine the factor of Safety 
at which buried cables operate. Hea 
dissipation in soil and its variation with 
moisture content is also important in the 
control of temperature below ground, fo, 
example, in connection with the air condition. 
ing of underground railway stations. 

The movement and distribution of wate, 
in soils is even more important in agriculture 
than in engineering, and many of the results 
of research in one field are equally applicable 
to the other. The general principles which 
determine the movement of water in sojj 
apply to other porous media, such as paper, 
wood, stone and concrete. For all these 
materials similar techniques to those developed 
in soil research can be applied to measure 
the moisture they retain and the amount 
of water which is extracted from the air at 
different humidities. There has been a 
continuous exchange of ideas among workers 
in all thes~ fields. One recent application 
related to the preservation of ancient wall 
paintings which were being damaged by 
moisture transmitted through a masonry 
wall. Another referred to the cracking of 
thin concrete roofs in Scandinavia which 
appeared to be due to the expansion on 
freezing of moisture which had migrated 
towards the cold external surface. A study 
of the retention of liquids in a porous medium 
can sometimes throw valuable light on the 
pore structure of the material itself, the size 
of the pores and the pore-size distribution. 
This method has recently been applied 
to the sintered materials that are finding 
increasing use in mechanical engineering 
practice. 

Finally a case may be mentioned where the 
laws governing the movement of water in 
soil have been applied to the solution of a 
shipping problem. Certain fine-grained car- 
goes which appear to be perfectly stable 
when loaded tend to become fluid and con- 
sequently liable to dangerous shifting during 
transit. The change of stability arises from 
redistribution of water caused by the weight 
of the material itself and by engine vibration. 
Once the physical processes involved are 
appreciated in cases like this, laboratory tests 
can generally be devised to assess the risks 
involved and indicate the precautions to be 
taken. 

SOIL STABILISATION 


In recent years treated soil has been 
increasingly used as a part of the road crust, 
the strength of the soil being both increased 
and stabilised against the effects of changing 
moisture content by the addition of materials 
such as cement or fluid bituminous materials. 
This mixture of soil and additive is known 
as “stabilised soil.” In the United States 
the technology of soil roads dates from the 
turn of the century, but it was not until the 
second world war that interest grew in the 
United Kingdom when the need for high 
speed construction of road and _ airfield 
pavements provided the impetus. The 
experience then gained has led to an increased 
civil use of stabilised soil in the post-war 
period, since it has been found that this kind 
of construction is often cheaper than tradi- 
tional methods of road making. 

In the relatively wet climate of the United 
Kingdom, Portland cement has hitherto 
been found to be the most convenient 
additive for stabilising cohesive soils, although 
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certain types of sand and gravel have been 
suocessfully treated with bituminous materials. 
jn one process, known as the mix-in-place 
method, the stabiliser is added to the soil 
and mixed by rotary tiller: agricultural 
machines were first used but have since been 
modified. Another method is. to excavate 
the soil, transport it to a stationary mixer 
and carry the mixed material to the site of 
the road (the “stationary plant-mix” 
method). Both methods have advantages, 
but the ‘ mix-in-place ” method is usually 
preferred owing to the high output that is 
ssible, rates of construction as high as 
5000 square yards per day being attainable. 
A new British machine has recently been 
developed which enables mixing and prelimin- 
ary compaction to be done in one pass. 
During the war 4,000,000 square 
yards of bitumen-sand mixtures were laid 
on R.A.F. aerodromes in coastal areas. 
Subsequently, much has been done to en- 
courage the use of the process in which 
Portland cement serves as the stabiliser 
(“soil-cement ”), particularly in the con- 
struction of lightly-trafficked pavements for 
housing estates and urban roads. More 
recently lengths of soil-cement road have 
been laid on heavily-trafficked trunk roads. 
The process has also been successfully 
applied to the construction of airfields. 
Because of the speed of construction and 
the reduced need for imported material, 
soil stabilisation is recognised as one of 
the principal means of constructing 
temporary roads and airfields for military 
purposes. 
Following upon the successful use of 
stabilised soil in road pavements, engineers 
have been prompted to employ the material 
in a variety of other directions. The use of 
soil in the construction of walls for buildings 
is a very ancient practice, which persists in 
many parts of the world even to-day. 
Cohesive soils are either formed into bricks, 
which are then sun-dried, or rammed between 
movable shuttering (“‘ pisé-de-terre ”’). Wal- 
ling of this kind can be surprisingly durable, 
particularly in areas of limited rainfall, if 
protected by some form of rendering. How- 
ever, the stability of the wall is greatly 
improved by the use of stabilised soil, and 
this has now been employed successfully on a 
large scale in the Gold Coast and in India. 
The development of block-making machines 
has speeded up production. Uses have also 
been found for stabilised soil in water supply 
and hydraulic engineering. In 1948 a 
cement-stabilised soil foundation was con- 
structed by the Metropolitan Water Board 
for concrete filter tanks at their installations 
at Ashford, Kent. In the United States soil- 
cement has been used on a rather greater 
scale in this field, for example, for lining 
irrigation ditches to prevent erosion. A 
similar instance of this application is the use 
of sand-bitumen linings on the walls of the 
Suez Canal, and of soil-cement for the internal 
facings of the walls of a reservoir. A further 
interesting application of stabilised soil to 
prevent erosion under what would be expected 
to be particularly severe conditions has been 
its use on the apron of a spillway. In the 
use of stabilised soil in hydraulic structures 
the material frequently has to be laid on 
sloping surfaces. In general this necessitates 
the use of stationary mixers, together with 
special techniques for placing and com- 
pacting the mixed material. The workability 
of the material assumes significance in these 
circumstances, and an innovation tried in 
the United States of America is to employ 
soil-cement mixtures with moisture contents 
so high that they are plastic when laid and 
resemble plaster. 
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STUDIES OF HUMAN BEHAVIOUR 


Some years ago, when Henry Ford, Jr., 
opened new research laboratories in Detroit 
for the Ford Motor Company he made the 
point that a great deal was known about 
materials and how to use them but com- 
paratively little about human engineering. 
He was thinking, it is to be supposed, about 
man in relation to the motor-car. I do not 
know how far the subsequent studies of his 
laboratory have been concerned with that 
aspect but there can be no doubt as to the 
importance of studying the human being in 
relation to what he does and is, and par- 
ticularly in relation to the motor vehicle and 
road traffic, where questions of public safety 
and of traffic movement on the highway 
come to the fore. 

There is also no doubt that discoveries 
made about human behaviour in the sphere 
of road transport are of interest over a far 
wider field and, similarly, that allied studies 
in other fields may have important application 
in the road problem. For example, the 
question of accident-proneness, beginning 
with the examination of accidents in the 
factory and the relation of accidents to skill, 
aptitude and personal character, led to 
methods of test used in the selection of air 
pilots and to a better understanding of the 
qualities to look for when selecting motor 
vehicle drivers. 

The study of the way in which people 
perform certain tasks has led to great 
economies in industry, and in the same way 
studies of the behaviour of all classes of 
road user are providing results of value in 
deciding what is the best way to make roads 
safer. These studies have included, for 
example, the action of pedal cyclists, motor- 
cyclists and car drivers before turning right 
from a major road to a minor one and these 
have been examined in the light of accident 
statistics. Pedestrians have been observed, 
to find out when and how they use pedestrian 
crossings, subways and over-bridges, and 
how their habits are related to road safety. 
Attempts have also been made to find out 
how much time a pedestrian allows himself 
to cross the road in front of an approaching 
vehicle. Drivers’ habits have been studied 
also in relation to action at “ Halt” signs, 
“Slow” signs, and their readiness to give 
precedence to pedestrians at crossings. 

Studies of this kind led to the adoption of 
the Zebra crossing, and showed afterwards 
that a very marked improvement had taken 
place, both in the behaviour of road users 
and in accidents. By keeping records over a 
period trends are studied and the effects of 
legislative measures are observed. 

These are only some of the studies of 
human behaviour that are of interest: the 
arrangement of controls and of instrument 
panels, the reaction to the road situation, the 
effect of distractions, and of visibility and 
eyesight, and of drunkenness are other 
subjects for examination and on which 
discoveries in one field may be expected to 
have a direct bearing on the requirements in 
another. 


ELECTRONICS 


Modern developments in electronics have 
had such revolutionary effects on all branches 
of engineering that it is not surprising to find 
many common threads in their patterns, and 
that land transport is being increasingly 
influenced by techniques developed for 
other purposes. 

We learn, for example, that in at least one 
city in America the traffic control signals are 
connected to a central control room and that 
the time intervals and time cycles allowed for 
traffic are automatically adjusted electronic- 
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ally according to the volume of traffic using 
the various city roads, so as to keep traffic 
moving as speedily as possible. The high- 
speed computer has also played an important 
part in traffic studies ; its use has enabled 
traffic signal problems to be solved and 
origin and destination surveys for large cities 
to be analysed rapidly and in such a manner 
as to indicate the best layout of highways 
to deal with the traffic. 

So far as the construction of roads is con- 
cerned the methods of non-destructive testing 
developed for road purposes have proved of 
value in most branches of civil engineering : 
the way the methods have developed pro- 
vide an interesting example of the interplay 
between the different branches. In the middle 
1930s a piezo-electric strain gauge was 
developed at the Building Research Station 
for measuring strains in piles during driving. 
When war was imminent the research staff 
was transferred to work involving the 
measurement of the effect of blast on struc- 
tures. The strain gauge used for the pile 
research provided the means for finding out 
what happened to the structural element, and 
from that point it was a direct step to the 
measurement of blast pressures when bombs 
were exploded. Throughout the war the 
Road Research Laboratory was responsible 
for the measurement of pressures developed 
from explosives, and it was from these 
observations that the efficiency of various 
weapons were assessed. They led also to 
measurements of the effect of underwater 
explosions in ships and to the design and 
attack of reinforced concrete structures, both 
defensive and offensive. 

Resuming their peacetime duties, the 
scientists who had worked on these problems 
were set the task of developing methods of 
non-destructive testing for materials and 
for the finished road. The apparatus they 
developed has been marketed and has been 
supplied to many concerns, both at home and 
overseas. Its uses have ranged from con- 
trolling the quality of concrete in a pre-cast 
concrete factory to the testing of the con- 
crete in prestressed concrete buildings and 
in massive structures. With appropriate 
modifications these methods have been used 
in many industries as a test of quality for 
materials of all kinds. A modified technique 
is now being used to study the stress distri- 
bution in different parts of the road structure 
as a vehicle passes over the road. The 
development of y-ray and neutron sources 
with appropriate measuring apparatus for 
atomic energy purposes has led to an 
extended use of radiation methods in sol- 
ving special problems ; for example, density 
gradients in road crusts are studied using 
y-ray methods, end research is also aimed 
at using neutron methods for measuring the 
moisture content of soils, sands and other 
materials. 


CONCLUSION 


In the opening paragraph I said that this 
review would be heavily weighted on the 
civil engineering side of road transport. In 
the result it is also weighted by my own 
research experience, particularly in the 
examples given. As a review I am conscious 
that it is incomplete, ragged and in some 
places perhaps inaccurate, because it is 
written from a particular point of view. How 
it will fit into the whole scheme of this review 
and how much it will overlap or even con- 
flict with the work of other contributors | 
do not know; but it leaves me with the 
feeling that I have only begun to tell a story 
of interdependence between land _trans- 
port engineering and other branches of 
engineering. 


INFLUENCES ON ENGINEERING ADVANCEMENT 1856—1956 


Part IV—Influence of Production Methods 


WHAT engineers can produce is limited not solely by the wealth of their imaginations or the 
demands made by the public for engineering products, not even solely by the strengths of 
materials available. It is also limited by the means they can devise for forming, shaping and 
cutting materials. At all times a designer must keep firmly in mind the equipment available for 
making the structure or the machine he is devising. The development of hammers, presses and 
rolling mills, of moulding methods and above all of machine tools has thus had an immense 
influence upon engineering advancement. Hand in hand with that development has gone 
metrology. Improvements in the art and science of measurement have opened to designers the 
opportunity to design improved products and to production engineers the opportunity to adopt 
more highly productive methods. But that is not all. Production methods go beyond the 
factories. What machine tools are to mechanical and electrical designers, contractors’ plant is 
to civil engineers. Improvements in plant widen the scope for civil engineering endeavour 
and permit more exact calculation of civil engineering structure strengths. Nor can the 
human factor be neglected. What can be done in factory or field is ruled also by what the 
human mind will stand. Men strive to attain at work, as well as at home, security and happi- 
ness. That striving sets limits to the practices engineers can adopt, and perhaps also to the 
rate of advance that they can set. It is the object of this section to discuss these matters. 
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Production Methods 


By D. F. GALLOWAY, Wh.Sch., Ph.D.* 


HUNDRED years ago our forefathers 

had already attained such an outstanding 

lace in the field of engineering manufacture 
that Britain was widely known as the 
« workshop of the world.” Watt, Nasmyth, 
Maudslay, Boulton, Wilkinson, Smeaton and 
others had designed and built the machines 
and trained the men who had laid the founda- 
tions of our great engineering industry. 
Wilkinson’s boring machine had made 
Watt’s engine a practical possibility in 1776, 
and thus the urgent need for power had been 
satisfied. This made possible the develop- 
ment of the various machines for cutting and 


" of Sham Hamuner 


oe ee Srhawe Bove fone 26. Hof 


~aer 


od 


engineering equipment. Nasmyth evolved 
the design of the hammer within half-an-hour 
of receiving a complaint from a ship designer 
that existing tilting hammers could not forge 
the 30in diameter shafts required for faster 
and larger paddle steamers such as the 
“Great Eastern.” His sketches of the 
hammer, taken from a page of his ‘‘ Scheme 
Book,” are reproduced in Fig. 1, and show 
how his first conception of this new invention 
embodied all the essential details. 

Whitworth worked for Maudslay at about 
the same time as Nasmyth, and by 1850 
Whitworth had so developed his own work- 
shops in “Manchester 
that his improvements 
to lathes, planers, 
drilling, slotting and 
shaping machines, 

ape clearly marked him as 
tT the greatest machine 
aad tool builder of his 

, time. These improve- 
ments eventually re- 
acted on the work of 
machine makers 
throughout the world. 

By the middle of the 
nineteenth century the 
machine tool had 
become the foundation 
of Britain’s industrial 
prosperity, as the fol- 
lowing appreciation 
taken from a _ con- 
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Fig. 1—Nasmyth’s first sketch of the steam hammer. This quickly superseded 
the tilting hammer, which is illustrated in the lower right-hand corner. (From 
“English and American Tool Builders’? by Roe) 


forming metals, machines which had been 
dreamed of by men as far back as Leonardo 
da Vinci. The production methods of 100 
years ago owed much to the influence of 
Henry Maudslay, who was not only an 
eminent engineer and fertile inventor, but 
also a great teacher and leader of men. For, 
in addition to his many inventions and 
examples of outstanding craftsmanship he 
succeeded in implanting in Whitworth, 
Nasmyth and others the knowledge and skill 
to create a remarkable range of machine tools 
which were the key to the early success of 
Britain’s engineering industry. 

Although Nasmyth devised many machines, 
his most outstanding invention was his steam 
hammer, which revolutionised the design and 
production of forgings and opened up new 
horizons for designers of many kinds of heavy 
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temporary account of 
the Great Exhibition 
of 1851 shows :— 

** Of all descriptions 
of machinery, that 
used by the engineer or 
machinist is the most 








important, for on it de- 
pends in great measure 
the value of machines 
for special objects and, 
consequently, the ex- 
cellence of the articles 
manufactured. The 
large tools or machines 
of the engineer are 
of modern origin and may be said to date 
from the time when Watt endowed the steam 
engine with almost human _ intelligence, 
thereby leading to the necessity for accurate 
workmanship. 

** About the same period also, the factory 
system, so vastly extended, if not introduced, 
by Arkwright, required machines which were 
to work with a precision surpassing that of 
human hands and fingers; and as these 
machines were being constantly improved by 
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men of genius, such as Hargreaves, Cromp- 
ton, Roberts, Jacquard, &c., the profession 
of the engineer rose into permanence and 
importance. But, up to about the time to 
which we now refer, nearly every part of a 
machine had to be made and finished to its 
required form by manual labour ; so that 
accuracy and precision depended in great 
measure upon the dexterity of the workman’s 
hand, and the correctness of his eye. He 
had no other means of applying and guiding 
his tool to the work in the lathe, than his 
unaided muscular strength ; and the exertion 
required in turning iron was so great, that he 
soon became exhausted and his work varied 
with his declining strength.” 

An indication of the economic conse- 
quences of the machine tool was given in a 
paper read by Sir Joseph Whitworth in 1856. 
He estimated that the cost of producing a 
true surface in cast iron by the old method 
of chipping and filing was approximately 
12s. per square foot, as compared with less 
than a penny per square foot when machined 
onaplaner. Lathes had, however, sometimes 
been employed for producing flat surfaces, 
and an example of a faceplate lathe used for 
this purpose at the Soho Foundry prior to 
1850 is shown in Fig. 2. This machine was 
capable of machining work up to 26ft in 
diameter, and remained in the foundry until 
1937. 

In the second half of the nineteenth 
century the initiative in the development 
of improved manufacturing methods passed 
largely to the United States of America. 
Eli Whitney, one of the outstanding American 
inventors and pioneers of manufacturing 
methods, had made a milling machine prior 
to 1818, but it was not until 1862 that J. R. 
Brown, of the Brown and Sharpe Company, 
invented and built the first universal milling 
machine. Although built principally to elimin- 
ate expensive hand filing of spirals in tool 
steel twist drills, Brown’s machine incor- 
porated facilities for spiral milling, gear 
cutting, and other operations previously 





Fig. 2—Faceplate lathe for work up to 26ft in diameter. This machine was 
made before 1850 and remained at the Soho foundry until 1937. 


(Courtesy 
of W. &. T. Avery, Ltd.) 

performed manually at considerable cost, 
and thus placed in the hands of manufac- 
turers a tool of considerable practical and 
economic significance. Similarly the cylin- 
drical grinding machine was also developed 
in the early 1860s. 

The vertical boring machine was invented 
in 1795. The exact age of the vertical boring 
machine shown in Fig. 3 is unknown, but 
it was used in the early days of the Soho 
Foundry. The machine derived its main 


Fig. 3—Vertical boring machine used in the early days 
of the Soho foundry. The exact age of the machine 
is unknown. (Courtesy of W. and T. Avery, Ltd.) 


support from the walls of the building in 
which it was housed. The vertical boring 
mill came into use about 1890, and rapidly 
established its superiority for turning and 
boring large components. 

The turret lathe which came into use about 
100 years ago was the first radical develop- 
ment in lathe design after Maudslay’s slide 
rest, and had an immense influence on the 
development of large scale interchangeable 
manufacture. It was quickly recognised 
that bringing as many as six different tools 
successively into operation without removing 
the work-piece from the machine had great 
economic advantages. The possibility of elim- 
inating the handling of components between 
operations quickly resulted in the widespread 
use of capstan and turret lathes for the manu- 
facture of parts in large quantities. These 
machines were the forerunners of single- 
spindle automatic screw machines, and 
ultimately of multi-spindle automatics. 

The great strides made in machine tool 
construction and use in a century are exem- 
plified by the two multi-spindle drilling 
machines illustrated in Fig. 4. The six- 
spindle machine at the left was in use in 
1851 ; the modern three-way machine drills 


Fig. 4—Comparison of old and modern multi-spindle drilling machines. 


sixty-two holes simultaneously in a tractor 
gear casing. 

The machine tools of a hundred years ago 
had almost all the basic elements of machines 
of to-day, but they lacked the power, speed, 
overall precision, facility of operation, and 
the application of cams and automatic 
devices which make modern machines so 
much more effective as elements of produc- 
tion. 

Not only have the efficiency and the 
capacity of the pioneer machine tools been 
strikingly increased, but they have been 
augmented by such machines as the vertical 
boring mill, the turret lathe, single and multi- 
spindle automatics and gear manufacturing 
machines, etc., which have greatly extended 
the range of possibilities in manufacture, 
and thus have had a vital effect on the engi- 
neering industry as a whole. 

For the last eighty years there has been 
almost continuous development in the electri- 
fication of many kinds of production equip- 
ment, and the application of hydraulic 
and, to a lesser extent, pneumatic power 
to machinery for mechanical manufacture. 
The general replacement of line-shaft-driven 
machines by individually powered machines 
has simplified the design and construction 
of the transmission elements within the 
machines, and a further important develop- 
ment has been the substitution of electrical 
speed changing devices for mechanical gear 
boxes. 


CUTTING TOOL MATERIALS 


Concurrently with developments in pro- 
duction machinery, there have been con- 
siderable advances in tool materials, and a 
certain amount of progress in the technique 
of tool utilisation. In 1850 the principal 
cutting tool material was plain carbon tool 
steel, which has a relatively short life, and 
most work could not be machined at speeds 
greater than about 40ft per minute. One of 
the principal advan- 
ces in cutting tools 
occurred at the be- 
ginning of this cent- 
ury when methods of 
heat treatment were 
developed that en- 
abled high - speed 
steel tools to retain 
their hardness at the 
temperature of cut- 
ting. The introduc- 
tion of cemented car- 
bide about twenty- 


The machine shown on the left was in use in 1851. 
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five years later constituted the last major 
development in cutting tool materials, 


REDUCTION OF MACHINING 

Throughout the nineteenth century the 
range of work which could be made accyy. 
ately without extensive machining operations 
was very limited. During the last fifty years 
however, efforts to reduce the wastage of 
material, high labour costs, and the time 
involved in machining have met with cop. 
siderable success, as such processes as die 
casting, impact extrusion, investment Casting, 
powder metallurgy, plastic moulding, ete, 
have been applied on an increasing scale, 

Maudslay had invented a machine for 
forming boiler plate and iron work before 
1850, but many metal forming operations 
were still being performed by hand or with 
the aid of simple screw presses throughout 
the nineteenth century, and the widespread 
use of pressing and forging equipment js 
of comparatively recent origin. 


IMPACT EXTRUSION 

Considerable attention has been directed 
in the last few years to exploiting the advan. 
tages of the impact extrusion process, and 
significant increases in productivity would 
undoubtedly result from wider application 
of this process for the manufacture of many 
kinds of product. An impact extrusion 


investigation is shown in progress in Fig, 5, 
and Fig. 6 illustrates typical parts produced, 


CASTING AND POWDER METALLURGY 


The application of machinery for the casting 
of metals dates from about the middle of the 
nineteenth century, and the machines which 
were then devised resulted in the application 
of mass production techniques in foundries, 
Die casting has proved to be one of the most 
effective methods of achieving high rates of 
output and a reduction of material require- 
ments by eliminating machining. Although 
this process was popularly associated in its 


(Courtesy of the Illustrated London 


News, from the issue of January 4th, 1851.) The Asquith machine shown on the right drills sixty-two holes simultaneously in tractor gear casings 
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Fig. 5—In this investigation of impact extrusion, 
circular discs are fed to the dynamometer die ‘‘ A ”’ 
down the chute “‘B.”’ The **C”’ descends, 
forming the canisters ‘‘ D ’’ in a single stroke of the 
press. Extrusion forces are recorded by the cathode-ray 
oscillograph and high-speed camera ‘‘E”’ at the rear 


early days with the making of simple toys, 
and was generally restricted to lead-base 
alloys, die-cast parts of great accuracy and 
high finish are now used in many fields 
of mechanical manufacture. An indication 
of the possibilities of die casting is given by 
the illustration of die-cast lawn mower parts 
in Fig. 8. The gear wheels and front roller 
brackets are made from a zinc-base alloy, and 
other castings are in aluminium alloy. 
Machining is reduced to the tapping of cored 
holes only. 

Other outstanding advances in the manipu- 
lation and forming of metals include indus- 
trial development of the investment process 
of precision casting, and of powder metal- 
lurgy. The investment process has been 
known to jewellers for several centuries, but 





Fig. 6—Typical components produced by impact 
extrusion 


it has been applied by industry only com- 
paratively recently. Investment castings can 
be produced to close dimensional limits and 
metallurgical specifications, and designers 
and production engineers have thus been pro- 
vided with a new and invaluable tool, which is 
likely to gain greatly in importance in the 
next few years. 

_ The recent introduction of the shell mould- 
ing process has been described as the most 
revolutionary advance in foundry technique 
for 2000 years. The process was originally 
developed in Germany during the war, and is 
now being increasingly exploited by British 
industry in spite of a rather difficult patent 
situation. 
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Although the principles of powder metal- 
lurgy were known before 1850, the process 
having been used to a limited extent by 
Wollaston and Bessemer, it was not adopted 
as a production process until the early years of 
the twentieth century. To produce an article 
from powdered metal, a mould of the required 
shape is first made, and in this is placed a 
quantity of powder which is fused into a solid 
mass by the application of pressure and, 
usually, heat. 

It is certain that considerable developments 
will occur in the next few years in metal 
forming and moulding techniques, particu- 
larly in those fields where the melting and 
casting of certain metals and their alloys is 
either expensive or impracticable. 


AUTOMATIC MACHINES 


Continually rising labour costs and in- 
cessant demands for higher productivity have 
focused considerable attention in the last few 
years on the development of production 
equipment which is largely independent of 
human control once the manufacturing cycle 
has begun. The industrial application of 
automatic control devices for controlling a 
complex series of operations has introduced a 
new factor of tremendous significance in the 
evolution of production methods. One of 
the principal elements in certain forms 
of automatic control is the digital computer, 
which has been evolved as a result of intensive 
scientific research conducted in several dif- 
ferent fields, including electronics, radar, &c. 
Mechanical devices comparable to the modern 
digital computers and a mechanism for the 
solution of mathematical problems, were 
designed in Britain in the nineteenth century, 
but the limitations of the manufacturing 
techniques and machines of the period pre- 
vented the manufacture of components of 
sufficient accuracy. Improved machine tools 
permitted the construction of a mechanical 
device for solving differential equations 
about twenty-five years ago, but the inherent 
limitations of mechanical computers, coupled 
with advances in electronics, have since 
resulted in a concentration of attention on 
electrical devices. 

Modern automatic control systems for 
machine tools are of two basic kinds, namely, 
open-loop, and closed-loop or feed-back, 
control systems. The open-loop system is 
independent of the behaviour of the machine 
which it controls, whereas the operation of a 
closed-loop control system may be modified 
by variations in the performance of the 
machine. The closed-loop system provides 
a method of measuring deviations that occur 
during a production cycle, and corrective 
action can therefore be taken to restore 
the required conditions of operation, the 
measured error being used to actuate a 
mechanism which in turn adjusts the con- 
trolling device until 
the error is eliminated 
or is too small to be 
measured. Closed- 
loop control systems 
have been developed to 
overcome the  diffi- 
culties which may arise 
in the operation of 
automatic machines as 
a result of variations 
inherent in the process, 
the machine, or the 
controlling device. 


Fig. 7 shows a dia- 
grammatic representa- 
tion of a closed-loop 
speed control system 
for varying the rota- 
tional speed of a lathe 
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Fig. 8—Die cast parts for a lawn mower (New Jersey 
Zinc Co., U.S.A.) 


to provide a constant peripheral cutting 
speed as a cylindrical component is reduced 
in diameter during turning operations. A 
potentiometer is geared to the cross slide 
so that it produces a voltage inversely pro- 
portional to the movement of the cross slide 
as the diameter of the work is reduced. 
This voltage is then applied to a servo- 
mechanism which progressively increases the 
rotational speed of the spindle. 

A number of successful applications have 
been reported of the use of magnetic or 
punched tapes for controlling all the actions 
of machines during a complete production 
cycle. Production lathes and milling ma- 
chines, for example, have been operated by 
means of magnetic tapes. One of the first 
tape-controlled lathes to be built is shown in 
use in Fig. 9. The tape recorder and the 
associated circuits are shown at the left of 
the illustration. Information representing 
the working cycle is recorded on the magnetic 
tape and, during the production cycle, 
““ messages ” received from the tape are used 
to control the machine. A complete cycle 
of operations is first carried out on this type 
of machine using either conventional or 
automatic forms of control. The machine 
motions are translated into electrical signals 
through selsyns geared to the moving elements 
of the machine, and the signals are recorded 
on the magnetic tape. During the production 
cycle, the magnetic tape is fed past pick-up 
units which reproduce the electrical signals. 
These are amplified and checked against 
signals received from the selsyns actuated by 
the machine motions. An electronic servo- 
mechanism control compares the .two sets 
of signals, and varies the machine motions 








Fig. 7—Closed-loop speed control system for varying the rotational speed of a 
lathe to provide a constant peripheral cutting speed 
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Fig. 9—One of the first tape-controlled machines is this 16in lathe made by American Tool Works Co. 


The recorder and associated circuits 


on the left were supplied by International General Electric Co. 


to maintain the correct relationship between 
the selsyns and the signals recorded on the 
tape. The machine thus repeats its previous 
movements. 


TRANSFER MACHINES 


A further development in automatic pro- 
duction has been the introduction of transfer 


machines which automatically transport 


Fig. 10—Representative transfer press (John Kimbell) 


workpieces from station to station in a 
complex series of machining or pressing 
operations. A representative transfer press is 
illustrated in Fig. 10 and components produced 
in Fig. 11. This type of press, in which com- 
ponents are mechanically conveyed through 
a series of unit tools, is a logical development 
of the follow-on or progressive press 
tool, whose possibilities are limited by such 
physical considerations 
as size and weight. 
Transfer presses were 
first introduced at the 
beginning of this cen- 
tury, but because their 
design was based on 
that of existing double- 
frame, eccentric - drive 
presses, they had a 
number of disadvan- 
tages that prevented 
further immediate de- 
velopment and applica- 
tion. Transfer presses 
reduce __ production 
times and floor space 
requirements. _Inter- 
stage annealing may 
also be eliminated if 
components are still 
hot when they are 
transferred to the next 
station. 


Outputs as high as 
1800 components per 
hour have been 
achieved with a 16-ton 
transfer press used for 
the production of a 
steel ball-valve head in 
nine stages, consisting 
of blanking, five draw- 


ing operations, trimming, piercing and two 
forming operations. It is interesting to note 
that this component was previously made 
from bar material on automatics, and it is 
claimed that pressing effected a reduction of 
70 per cent in material costs, and 65 per cent 
in labour costs. 

A typical transfer line for machining auto- 
mobile cylinder blocks is illustrated in 
Fig. 12. This line has twelve stations at 
which 186 operations are carried out, the 
workpiece being transferred to successive 
stations directly on guide rails without the 
use of fixtures. 


DESIGN FOR AUTOMATIC PRODUCTION 


“Automatic production methods often re- 
quire substantial modifications in product 
design as well as in the machines used. For 
example, conventional radio circuits involve 
the use of individually wired and soldered 
components that give rise to very complex 
problems in automatic production. By 
designing the wiring circuit in the form of 
flat plates, however, production with auto- 
matic plant is greatly facilitated. The develop- 
ment in this country of a machine for produc- 
ing three-dimensional circuits that have 
provision for building-in certain components 


Fig. 11—Components produced on the transfer press 
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has taken a stage further this already radical 
departure in product design. 


FULLY AUTOMATIC FACTORIES 

The visionary’s dream of the fully auto- 
matic factory has already been realised, and 
although progress in this field will probably 
be slow for many years yet, the pattern of 
manufacturing activi- 
ties in the second half 
of the twentieth century 
will be coloured to a 
considerable extent 
by the developments 
which are now taking 
place in automatic 
control. A completely 
automatic factory 
for the production of 
automobile pistons 
which was built in 
Russia several years 
ago is claimed to have 
a production capacity 
of 3500 piston heads 
per day with a labour 
force of five men per 
shift. All operations 
necessary for the manu- 
facture of the pistons 
are carried out auto- 
matically, including 
casting and the final 
inspection and packag- 
ing of the machined 
pistons. 


DIFFICULTIES OF 
AUTOMATIC 
PRODUCTION 

Despite the great 

potentialities of the 
latest fully automatic 
machines, they have 
several inherent disad- 
vantages that are cer- 
tain to impose re- 
straints on their use in 
industry in the immedi- 
ate future. Normally, 
economical production 
is possible only if the 
high development and 
capital costs involved in full automation 
are spread over large quantities of com- 
ponents. Maintenance costs are also heavy, 
and a very high standard of reliability 
is necessary if the many complex mecha- 
nisms incorporated in most fully auto- 
matic equipment are to function correctly 
for long periods and thus prevent costly 
interruptions in production. The failure of 
any one of the very large number of units in 
an automatic factory may virtually bring 
the whole factory to a standstill. Modifica- 
tions in product design may involve sub- 
stantial alterations in the layout and mech- 
anism of the machines, and this inflexibility 
will probably tend to perpetuate the existing 
form of a product longer than is desirable 
from technical considerations alone. Finally, 
the attitude of organised labour to the intro- 
duction of fully automatic plant is bound to 
create management problems of considerable 
difficulty, especially in the transition period. 


THE ORGANISATION OF PRODUCTION 


_ Two of the most significant developments 
in production have been the division of labour 
and the introduction of interchangeable 
manufacture, which is closely connected with 
wider acceptance of the principles of 
standardisation. The economies which spring 
from rational application of these principles 
were appreciated in Britain at the beginning 
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of the nineteenth century by Sir Marc Brunel 
and Sir Samuel Bentham, who conceived a 


complete mass production scheme to meet 
the Navy’s demand for 100,000 pulley blocks 
each year. But the most spectacular develop- 
ments in factory organisation were initiated 
in the United States in the early part of this 
century, and the achievements of Henry Ford, 


Fig. 12—Transfer line for machining automobile cylinder blocks (Burkhardt & 


Weber KG, Germany) 


particularly, helped to revolutionise the 
engineering industry. He began building 
cars at Detroit in a small workshop, where he 
conceived the idea of bringing his cars within 
the reach of the masses by standardising all 
components, and by devising novel methods 
of rapid assembly. He thus altered the whole 
pattern of the automobile industry, and Ford 
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himself placed on record that his success was 
due principally to quantity production on a 
scale greater than ever previously conceived, 
the simplification and standardisation of all 
parts to cheapen manufacture, and pro- 
gressive methods of assembly. Probably the 
first moving assembly line ever employed, 
and certainly the first in the automobile 
industry, was installed by Ford in 1913. It 
reduced the assembly time for a magneto, for 
example, from twenty minutes to five minutes, 
and this installation led to a complete 
rationalisation of all assembly processes, 
which greatly accelerated production. 


IMPROVING PRODUCTION TECHNIQUES 


Although the achievements of Nasmyth, 
Maudslay, Wilkinson, and the other pioneer 
machine builders were due in some measure 
to rational investigation of existing practices, 
the great advances which were made in the 
nineteenth century were often the result of 
the inspiration of the moment, the brilliant 
flashes of gifted men suddenly illumining the 
way ahead, of which Nasmyth’s inspired 
conception of the steam hammer is a typical 
example. Systematic research into pro- 
duction methods became a significant factor 
in industrial progress only with the advent of 
men such as F. W. Taylor in the United 
States of America, and Professor J. T. 
Nicolson in Great Britain. Many of the 
changes that are now taking place in pro- 
duction can be traced in an almost unbroken 
line from work carried out by these men and 
other pioneer investigators. 

From years of close observation and study 
of manufacturing conditions and methods, 
Taylor concluded that by studying every 
aspect of production a fair and reasonable 
measure of the production capacities of men 
and machines could be obtained, and that all 
questions of management could be deter- 
mined on a basis of fact. In spite of the early 
opposition to his work, Taylor lived to see 
his principles put into practice in every 
country throughout the world, but the 
greatest benefit which sprang from his work 
was the realisation by engineers that further 
progress depended upon scientific investiga- 
tion, not only of mechanical forces and 
phenomena, but of such management func- 
tions as machine utilisation, workshop layout, 
motion economy, organisation and training 
of workers, and the creation of harmonious 
relations with employees. 

In the United States of America large 
companies, universities and independent 
research organisations are carrying out 
fundamental and applied research on a 
massive scale. Vitally important contribu- 





W@ Fig. 13—Mobile production unit equipped with machines, tools and models to demonstrate improved 


production techniques throughout Britain 
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tions to understanding of the basic mechan- 
ism of metal cutting have been made by 
Ernst and Merchant, who have so ably 
directed the Cincinnati Milling Machine 
Company’s metal cutting researches for 
many years. Companies such as the Ford 
Motor Company, and 
General Motors Cor- 
poration, have estab- 
lished large research 
departments for the 
investigation of shell 
moulding, cold extrus- 
ion, finishing, precision 
forging, and many 
other production pro- 
cesses. The U.S. Gov- 
ernment has sponsored 
a number of researches, 
such as the machin- 
ability research pro- 
gramme carried out by 
the Curtiss - Wright 
Aircraft Company in 
conjunction with other 
firms, independent re- 
search organisations 
and universities. Many 
production researches 
are also being carried 
out at the Massachu- 
setts Institute of Tech- 
nology, and the Universities of Michigan, 
Cornell and elsewhere, for example at the 
Batelle Memorial Institute, and the Mellon 
Institute. A feature of all this research is the 
lavish scale of equipment and other facilities ; 
for example, one university has installed 
1,500,000 dollar's worth of equipment, 
another laboratory has spent 10,000,000 
dollars on buildings in twenty years, and one 
independent research organisation has an 
annual turnover of more than 7,000,000 
dollars. 


PRODUCTION RESEARCH IN BRITAIN 


There has also been an_ encouraging 
expansion of production research in Britain. 
Fundamental aspects of deep drawing are 
being investigated at Sheffield University ; 
metal cutting researches are being conducted 
at the Universities of Sheffield and Man- 
chester, and at the College of Aeronautics, 
for example; and more recently the Mechan- 
ical Engineering Research Laboratory has 
been laying the foundations of research into 
the fundamentals of machining and forming 
processes. Research into many different 
aspects of production has been carried out 
by the Production Engineering Research 
Association since 1946. The British Iron 
and Steel Research Association is another 
recently formed research organisation whose 
researches have already helped to raise 
industrial productivity. This Association’s 
operational researches to assist the iron and 
steel industry in making more effective use of 
existing resources are of particular interest. 

APPLICATION OF PRODUCTION RESEARCH 
RESULTS 


Despite the individual excellence of much 
of the research conducted by various inde- 
pendent investigators, it was sometimes 
relatively ineffective in promoting higher 
production efficiency, principally because 
there was no continuous or co-ordinated 
programme of research, and also because 
data was frequently not presented in a form 
suitable for workshop use. The overriding 
importance of securing the practical applica- 
tion of scientific discoveries was recognised 
nearly 200 years ago by Lord Folkestone, 
first president of the Royal Society of Arts, 
who wrote “ The transactions of the Society 


have given me pleasure more than once, as 
they showed me several improvements that 
might be made for the benefit of this nation ; 
but in my opinion the bare pointing out of 
these things won’t do, nay, if they are made 
never so plain, I am afraid they won't 


Fig. 14—Discussion in progress in trailer of mobile unit 


answer the end proposed without we our- 
selves find out a method to put them into 
practice ... 
. . . | am persuaded that we must not only 
invent, but find a way to put into practice too, 
before we can make things answer our wishes.” 
A special feature of the work of some 
modern research organisations is the creation 
of novel educational services and facilities 
for securing the prompt and effective appli- 
cation of research results in factories. A par- 
ticular example is the mobile unit illustrated 
in Figs. 13 and 14, which is visiting factories 
to provide works and technical personnel 
with specific guidance in improving produc- 
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tion methods through the medium of Prac. 
tical demonstrations, films and lectures. 


THE FUTURE 
The application of power and machinery 

to manufacture is still a new developmen 

when measured against the slow tread of the 

thousands of years in which man has been g 

manufacturer, and there is a growing concern 

that, despite many appearances to the cop. 

trary, we have not yet learned how to use 

power or machinery efficiently. In all the 
varied and complex aspects of manufacture 

a vast number of problems remain unsolved 
and the list grows longer almost daily, ye 
until fairly recently there had been little 
rational investigation of manufacturing tech- 
niques, nor had there been any serious 
attempt to document manufacturing know. 
ledge, which in the past has been largely 
communicated from one generation to 
another through the workmen themselves, 
just as the secrets of ancient crafts were 
passed from father to son. There has been 
nothing in production engineering com- 
parable to the continuous progress, in the 
last 100 years, in mechanical and electrical 
engineering, where the spirit of scientific 
enquiry manifested itself much earlier. In 
these branches of industry the seeds of 
advancement drew their sustenance from 
progressive and co-ordinated programmes of 
research, from the prompt documentation of 
new knowledge, and from systematic educa- 
tion and training of engineers in both the art 
and science of their calling. Only recently 
have many of those engaged in production 
seen the vital necessity of research, documen- 
tation and education, but results which have 
already been achieved have stimulated an 
intensive demand for an expansion of all 
these activities, and in this fact lies the 
principal hope that Britain can recover in 
the second half of the century much of the 
initiative in the development of manufactur- 
ing techniques surrendered in the first half 
to foreign commercial rivals. 


Metrology 


By F. H. ROLT, O.B.E., D.Sc., M.I.Mech.E., M.I.Prod.E.* 


S a science, metrology is concerned with 
all kinds of measurements involving the 
expression of the dimensions of objects, or 
the physical properties, or qualities of 
materials in terms of the three fundamental 
units—mass, length and time. As a term 
in engineering, however, metrology has 
become restricted to the art of measuring 
the sizes and shapes of engineering products 
in terms of length and angles. It is in that 
more limited sense that the word is used as 
the title of the present review, the main 
purpose of which is to indicate some of the 
influences which metrology has had on 
engineering design and production methods. 
METROLOGY AS A FACTOR IN MAss 
PRODUCTION 


The bulk of engineering production as 
we know it to-day is based on the building 
up of a product from component parts 
which are manufactured on an interchange- 
able basis. The system has its origin in the 
drawing-office, where the complete design 
of the product is dissected into its com- 
ponents, destined to be produced as economic- 
ally as possible in independent batches. The 
drawings of each component should include 
complete information as to its shape and 
size, and what is more, the maximum devia- 





* Formerly Superintendent, Metrology Division, N.P.L., 
Teddington. 


tions or tolerances which can be permitted 
from the dimensions defining the shape and 
size. These dimensions and tolerances for 
the various components must, of course, be 
so chosen that, when a product is being 
assembled, all the working components will 
fit together with the desired amount of 
clearance or interference between them, and 
the product in its completed form will 
function satisfactorily. The choice of suit- 
able tolerances is, of course, particularly 
important from the point of view of economic 
manufacture. 

In the Werkshop.—Whilst efficient pro- 
duction methods contribute in no small 
measure to the success of mass production, 
it may be said that, without the all-pervading 
control exercised by metrology, the system 
as a whole would be impossible to operate. 
Metrology safeguards the necessary accuracy 
in the machine tools, the cutting and forming 
tools and the jigs ; it operates during pro- 
duction as a controlling influence on the 
shape and size of the parts being produced ; 
and finally it is responsible for the correct- 
ness of the dimensions of those finished 
parts which are passed forward for assembly. 
But metrology also makes its influence felt in 
the drawing-office. 

In the Drawing-Office—Good drawings 
are one of the essential requisites for 
economical production, especially where the 
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yantities are large. They form the basis for 
the extensive programme of tooling which 
generally precedes actual production. At 
the tooling stage, the dimensions stated on 
the drawings for the shapes and sizes of the 
components are materialised, as far as is 

ssible, in the form of cutting and forming 
tools, special machines, jigs and other mech- 
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Fig. 1 
anical appliances, the accuracy of which 
must be embraced within the drawing 
tolerances allowed on the components. The 
drawings are also the starting point for the 
provision of the limit gauges and measuring 
appliances which are required during pro- 
duction and also for the final inspection of the 
components and assemblies prior to their 
assembly in the final product. 

The necessity for mass production draw- 
ings and, for that matter, all drawings of any 
importance, to convey all the dimensions 
and appropriate tolerances required for 
straightforward economical production and 
adequate inspection began to be fully 
realised only about fifteen years ago. Since 
then, the question of improved methods for 
the dimensioning and tolerancing of drawings 
has been the subject of intensive study in this 
country. Interest in the subject has since 
spread to America and Canada, and latterly 
to within the circle of international dis- 
cussions conducted by the 1.8.0. It is of 
interest to note that the inherent association 
of engineering metrology with the dimensions 
and tolerances shown on drawings has been 
one of the most stimulating influences 
throughout the study of this subject. 

A recommended code of practice for the 
dimensioning and tolerancing of drawings 
has now been introduced into the latest 


revision of the British Standard on Engineer- 
ing Drawing Practice, B.S. 308, issued in 
1953. The same year saw the publication of 
another British Standard, B.S. 1916, on the 
cognate subject of “Limits and Fits for 
Engineering.” The system of limits and fits 
recommended in that Standard is the same 
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Fig. 2—Portion of the trace showing inaccuracies of 
pitch in a tool-room screw-cutting lathe 















as the I.S.A. system, which has been in 
successful use on the Continent for many 
years, except that the tables are in inches 
instead of millimetres. By making use of 
these tables, designers can select the appro- 
priate tolerances and allowances for any 
type of fit between wide clearance and heavy 
interference for mating parts of sizes up to 
20in. The Standard also includes tables of 
recommended preferred sizes, and by using 
these sizes in conjunction with the tables for 
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the tolerances and allowances, designers can 
effect considerable economy in the variety 
of sizes of limit gauges and cutting tools, 
such as drills and reamers, which would be 
required for the production of any particular 
product. 


METROLOGY AND MACHINE TOOLS 


The accuracy of machine tools has an all- 
pervading influence on engineering produc- 
tion at large, since these machines are used 
not only for manufacturing components but 
also for the production of the cutting tools, 
jigs, gauges and measuring instruments 
associated with that process. Even in the 
manufacture of a machine tool itself, the 
degree of precision to which it can be made 
depends largely upon the accuracy of other 
machine tools used in its production. Ulti- 
mately, however, the accuracy of a machine 
tool may be said to be governed by crafts- 
manship and the gauges, measuring instru- 
ments and techniques employed for the 
inspection of its components and the machine 
as a whole. 

Alignment Tests—An important require- 
ment in the majority of machine tools is 
geometrical accuracy i.e. accuracy of such 
characteristics as the 
straightness, squareness 
and parallelism of slid- 
ing movements, and the 
parallelism and square- 
ness of the axes of 
rotating spindles to 
the surfaces of work- 
tables. Inaccuracies in 
such characteristics are 
checked by so-called 
“alignment tests,” 
for which  straight- 
edges, dial-gauges and 
sensitive levels are the 
most commonly used 
instruments. In _ the 
case of large machine 
tools, however, diffi- 
culties arise through the 
weight and lack of 
rigidity of long straight- 
edges, and their use 
has been superseded by 
relatively simple optical 
methods. 

In addition to align- 
ment tests, machine 
tools are usually sub- 
jected to practical tests 
designed to check 
the geometrical accu- 
racy of parts produced 
on them, e.g. the 
accuracy of parallel- 
ism of cylindrical parts 
turned in a lathe. 

Autographic Test for 
Pitch Accuracy.—One such test is of interest 
as it illustrates a growing trend towards the 
use of autographic methods of measurement. 
It relates to a scheme devised some years ago 
at the N.P.L. for obtaining a graphical record 
of the inaccuracies in the pitch of a screw- 
cutting lathe whilst operating under its 
ordinary running conditions. 


The method of test is shown diagram- 
matically in Fig. 1. A master screw of accu- 
rate pitch is mounted between the centres 
of the lathe to be tested, and its thread is 
engaged by a small wheel running in bearings 
in a fork-shaped fitting carried on the lathe 
saddle. If the lathe is geared to suit the pitch 
of the master screw, and is set in motion 
so as to drive the screw and saddle, any errors 
in the travel of the latter in relation to the 
thread of the master will give rise to corres- 
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ponding small axial displacements of the wheel 
in its bearings. These displacements are 
picked up in a continuous manner by a 
Taylor, Taylor and Hobson electrical measur- 
ing head and are displayed as a wavy line 
on the chart of an electrical recorder. 

An example of a portion of a trace obtained 
by this means from a tool room lathe is 
shown in Fig. 2. It shows that the pitch of the 
lathe is not only short by about 0-000Sin 
over the 6in length covered by the chart, 
but is also irregular to the extent of 0-0002in. 
More often than not, these irregularities are 
found to be of a repetitive character and can 
be traced to small axial movements of the 
lead screw as it rotates, or to eccentrically 
mounted gears, or to a combination of both 
these faults. 

This method of test is both quick and 
accurate, and -has the advantage that the 
results of adjustments made to the lead screw, 
or the replacement of suspected gears of a 
lathe can be checked almost immediately. 

Jig Boring Machines and Profile Grinders.— 
Metrology not only serves as a means of 
verifying the accuracy of machine tools, but 
it has also had an influence in prompting the 
design of certain special types of these 





Fig. 3— Optical jig-boring machine—Coventry Gauge and Tool Company 


machines. Characteristic of these special 
machines is the jig-borer, a machine now 
so familiar in tool rooms that it is not 
generally realised that its development has 
been confined to the last 30 years or so. 

The maintenance of a constant tempera- 
ture is an important factor in the use of jig- 
boring and other precision machine tools. 
This is being appreciated more and more 
by toolmakers and production engineers as 
time goes on, and it is not uncommon now 
for such machines to be installed in air- 
conditioned rooms. An optical jig-boring 
machine, made by the Coventry Gauge and 
Tool Company, is illustrated in Fig. 3. 

Auto-Sizing Devices.—Before leaving the 
subject of machine tools, reference may be 
made to a type of sizing device which is 
often fitted to cylindrical grinding machines. 
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These devices operate by continuously 
callipering the diameter of the workpiece as 
it is being ground, and indicating its gradual 
approach towards the desired finishing size 
on the scale of a measuring instrument. The 
grinding machine can be under the control of 
an operator, or the sizing device can be ar- 
ranged to stop the machine automatically 
when the workpiece has been brought to 
size. 

Grinding of Polygonal Profiles —During the 
1914-1918 war, the N.P.L. brought to light the 
geometrical peculiarity which can exist in 
centreless-ground components, or cylindrical 
components lapped between a pair of parallel 
plates. Such components may possess very 
appreciable errors in the circularity of their 
sections, although measurements of their 
diameters show no variations whatsoever 
when made between two parallel faces, as 
for example in a micrometer. This is due 
to the phenomenon of lobing. 

Useful application has been made of this 
phenomenon in recent years as an alternative 
to the conventional use of keys or splines 
as a method of assembly. The “* Manurhin ” 
polygon grinding machine, made by Manu- 
facture de Machines du Haut-Rhin, Mul- 
house-Bourtzwiller, is marketed for grinding 
both external and internal parts with sym- 
metrically lobed, polygonal and other shaped 
sections for that purpose. : 

The axis of the grinding head of these 
machines can be given a gyratory motion 
which can be varied according to the kind 
of figure which it is desired to produce. 
Many of these machines were in use during 
the war in the German and Italian aircraft, 
automobile and machine tool industries. 


How ENGINEERING Has HELPED TO ADVANCE 
METROLOGY 


The production of engineering parts of 
specific sizes and shapes naturally calls for 
the use of gauges, measuring tools or measur- 
ing instruments. To no less extent does the 
production of these implements of metrology 
depend upon engineering design and engineer- 
ing production methods. 

Production of Micrometers.—The ordinary 
micrometer, for example, has to be mass 
produced to meet the heavy demands for 
this kind of measuring tool. Its manufacture 
involves not only ordinary machining pro- 
cesses, but also the finer techniques of plain 
grinding, thread grinding, lapping and 
graduating. All these processes have to be 
carried out to a degree of perfection which 
permits assembly of the various components 
without hand fitting, and results in a final 
all-round accuracy of 0-000lin in the case 
of a lin micrometer. Apart from the neces- 
sary perfection in the flatness and parallelism 
of the two measuring faces, this high degree 
of accuracy demands considerable precision 
in the machines which are used for grinding 
the threads on the hardened spindles. 

This precision has to be “ built into ” the 
machine by the machine tool maker, who 
derives it primarily from the accuracy of his 
sets of standard block gauges. But these 
gauges themselves are a product of engineering 
in the field of gauge making: their manufacture 
demands a careful choice of steel, appropriate 
hardening and stabilising heat-treatments, 
skill in grinding, and particularly so in the 
final process of lapping the faces of the 
blocks, which may be regarded as the acme 
of workshop technology. The process itself 
is comparatively simple, but it has to be 
carried through with the utmost care and 
skill in order to achieve the desired accuracy 
of only a few millionths of an inch on the 
flatness and parallelism of the faces of each 


gauge and on its size. The application of 
well-known techniques provides the required 
accuracy on flatness and parallelism, but 
one may well ask how the gauge maker 
achieves the more difficult feat of accuracy 
on size. His ultimate basis must, of course, 
be the yard length when he is making gauges 
in inch units, or the metre length for metric 
gauges, and it is the scientist and instrument 
maker who bridge the gap between these 
two fundamental units and the gauge maker’s 
requirements for the sizes of his block gauges. 

Science has shown the possibility of using 
optical interference methods for measur- 
ing the sizes of block gauges in terms 
of wavelengths of light: it has also estab- 
lished the exact values in inches and milli- 
metres of the wavelengths of the various 
monochromatic radiations emitted from 
such sources as cadmium, krypton and 
mercury-isotope discharge lamps. Finally, 
scientists in collaboration with instrument 
makers have provided the block gauge 
maker with practical interferometers which 
enable him to measure the size of any block 
gauge to an accuracy 
of a millionth of an 
inch and, incidentally, 
to check the flatness 
and parallelism of its 
faces. 

It is of interest to 
note that such measure- 
ments have to be car- 
ried out under closely 
controlled temperature 
conditions, and the in- 
stallation of the neces- 
sary air conditioning 
in the laboratories and 
test room where such 
measurements are 
made calls for the serv- 
ices of the particular 
class of engineers who 
specialise in that kind 
of work. 

Thus we see that the 
successful manufac- 
ture of even such a 
simple measuring tool 
as an ordinary micro- 
meter involves not only 
production engineer- 
ing, but an essential 
background of pre- 
cision machine tools, coupled with the work 
of other engineers, gauge makers, instru- 
ment makers, opticians and scientists. 

Engineering Design and Measuring Instru- 
ments.—When one considers the more 
elaborate types of present-day measuring 
instruments, particularly those which have 
been designed over the past thirty years or 
so for actual use in production or in tool 
rooms, such as comparators, circular dividing 
heads and tables, optical projectors and 
automatic gauging machines, one cannot 
help being impressed by the extent to which 
the principles of engineering design have 
entered into their construction. Their 
essential operating features, whether they 
be optical, electrical, pneumatic or other 
means borrowed from science, are always 
encompassed within a robust engineering 
construction, well able to withstand ordinary 
workshop usage. Whilst sound principles 
of kinematics—so essential for the attainment 
of good accuracy—are incorporated in their 
design, such features are now associated 
with ample rigidity and durability—charac- 
teristics which tended to be lacking in earlier 
designs of measuring instruments. 

Multi-Dimensional Measuring Instruments. 
—One also sees the hand of the mechanical 
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engineering designer revealed in the intro. 
duction of various features destined to 
facilitate the usage of measuring instry. 
ments : e.g. standardisation of the holdin 
shanks of dial gauges and comparator heads 
and of the bodies of microscopes and tele. 
scopes to facilitate their fitting into housings 
for various purposes ; turret arrangements 
for the lenses of projectors to enable their 
magnification to be quickly changed; 4 
similar turret device fitted to the work-holder 
of a simple comparator so that components 
can be checked expeditiously on several 
dimensions in a single comparator. 

Such an arrangement, designed by the 
Sigma Instrument Company, is illustrated on 
the left of Fig.4. It was intended for check. 
ing ten dimensions on a small component, a 
diagram of which is engraved on the scale 
plate of the instrument, shown enlarged to 
the right of the figure. These dimensions are 
numbered and correspond to the sequence 
of the ten stations on the turret, each of 
which has a different design of fixture for 
receiving the component. The component 


Fig. 4—Comparator for checking ten dimensions on a small component. The 
picture on the right shows the scale plate of the instrument (Sigma Instrument 


Company) 

is inserted successively into each of these 
fixtures as the turret stations are brought 
in turn under the measuring head. The con- 
tact tip of each fixture is adjustable and is 
set initially so that, with a master component 
in each position, the pointer of the measuring 
head registers on the central zero of the scale. 
Deviations in the sizes of a component 
from each of its nominal dimensions can thus 
be read directly on the graduated scale. 
To facilitate checking, the scale panel is 
marked with a series of coloured arcs to 
indicate the extent of the tolerance on each 
dimension, correspondingly coloured plates 
being attached to each of the turret stations. 
Only four colours were required in the case 
of this particular component as the tolerances 
on some of the dimensions were the same. 

Use of New Materials.—Amongst the many 
improvements which gauge makers and the 
designers of measuring instruments have 
derived from current engineering practice 
has been the adoption of a number of new 
materials which, on account of their hardness 
and durability, were originally introduced 
for cutting tools. Amongst these may be 
mentioned “‘Stellite,” tungsten carbide and 
nitrided steel which have been used for arm- 
ing the faces of gauges and the contacts 
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of measuring instruments. Chromium plat- 
ing has also been used for prolonging the 
life of block gauges, plug gauges and even 


grew gauges. For such purposes, the 
ordinary plating process used so extensively 
for decorative purposes has been modified 
to give a hard, dense deposit of chromium 
of appreciable thickness so as to permit of 
subsequent grinding and lapping to size. 

Standards for Gauges.—It may be mentioned 
that the adoption of preferred sizes and 
standard tolerances by the engineering indus- 
try has greatly simplified the work of gauge 
makers by reducing the variety of sizes of 
gauges Which have to be produced and 
stocked. This is particularly so in the case 
of screw gauges. The establishment within 
the gauge industry of a British Standard 
(B.S. 1044) for the design of the commoner 
gauges, such as plug, ring and gap gauges, 
has led to further simplifications. 


IMPROVEMENTS IN GEARS THROUGH 
METROLOGY 
As in other branches of engineering 
metrology, improvements in the means of 
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days occupied in hobbing large gear-wheels, 
fluctuations in the temperature of the work- 
shop reproduced themselves in the form of 
corresponding undulations along the lengths 
of the teeth of the gear. As a result, it has 
become the practice in recent years to install 
large gear-hobbing machines in tempera- 
ture-controlled factories. 

Improvement in Accuracy of Gear Hobbing 
Machines.—This and other improvements 
effected in the accuracy of these machines, 
largely as a result of the use of Tomlinson’s 
measuring equipment during their construc- 
tion, has produced a remarkable improve- 
ment in the accuracy of hobbing large gears 
during the last fifteen or twenty years. The 
scale of these improvements may be judged 
from Fig. 5, which appeared originally in a 
paper presented to the Institute of Marine 
Engineers by Mr. A. W. Davis in 1949. 

Periodic errors in the motions of the feed 
screws driving the hob saddles, and of the 
worms driving the work-tables have been a 
frequent source of error in gear hobbing 
machines. Here again, Tomlinson’s instru- 
ments provided means for measuring these 
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Fig. 5—This diagram compares errors measured in gears twenty years ago with the corresponding errors 
(on the right) found in modern gears 


measuring gears has proceeded hand in hand 
with advancements in their design and methods 
of production. This has been particularly 
so in the case of large turbine reduction 
gears for marine purposes. Early failure of 
these gears caused by scuffing and breaking 
of the teeth at the roots, attributed originally 
to faulty material, was later found to be 
due largely to inaccurate gear-cutting, i.e. 
errors in the shapes of the teeth, their circum- 
ferential spacings, their helical angles across 
the face of the gear and undulations along 
their lengths. These errors, in giving rise to 
imperfect contact between the teeth of mating 
gears, not only produced local overloading 
and break-down of the surfaces of the teeth, 
but also resulted in heavy vibrations which 
caused harsh, noisy running of the gears 
and ultimately fatigue failures of their teeth. 
Measuring Instruments for Large Gears.— 
Working on behalf of the Admiralty and 
Lloyd’s Registry, the late Dr. Tomlinson 
made a study at the N.P.L. of the errors of 
large gears, and during the last war devised 
a series of measuring instruments not only 
for determining their errors but also for 
checking the accuracy of the machines on 
which they were hobbed. Using his ingenious 
undulation recorder, Dr. Tomlinson was able 
to show that, during the period of several 


errors and thereby enabling them to be 
corrected and reduced to tolerable amounts. 
The three graphs in Fig. 6 illustrate, for 
example, the improvements effected in the 
periodic errors of the feed screw of a hobbing 
machine by attention to the squareness of the 
thrust faces. From this example, which 
appeared in a paper by Mr. C. Timms to the 
Institution of Mechanical Engineers in 1947, 
it will be noted that the original error of 
0-0015in was reduced first to 0-0005in and 
finally to about 0-0002in. 

Improvements in Accuracy of Gear Cutting 
Hobs.—Parallel with the improvements in the 
accuracies of the hobbing machines, there has 
been an even more remarkable advance in the 
accuracy of the gear cutting hobs, which 
again may be attributed largely to Tomlin- 
son’s basic work in devising methods for 
measuring their errors. The improvement in 
the accuracy of the pitch of hobs from 1925 
to 1944 is well illustrated in Fig. 7, which 
appeared in the same paper by Timms. 
Errors of 0-00lin prevalent in 1925 had, by 
1944, been reduced to 0-0002in. 

All these improvements in the accuracy of 
the machines and tools for the cutting of 
large reduction gears have led not only to the 
production of more reliable and quieter 
running gears, but have also helped to make 
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Fig. 6—Improvements in the accuracy of the feed 
screw of a hobbing machine 


it possible to load the teeth more heavily and 
so effect a useful reduction in the size of the 
units as a whole. The process has been an 
outstanding example of the beneficial effects 
of metrology in heavy engineering practice. 

It is of interest to note that the work 
leading up to the improvement in accuracy 
of large gears and gear hobbing machines has 
culminated in the setting up of British 
Standards 1807 and 1498 for such gears and 
machines. These standards are now in 
general use by the Admiralty and Lloyd’s 
Registry for contractual purposes. They 
are also recognised by Continental firms in 
countries where no corresponding standards 
are in existence. 


How SciENcE Has AIDED METROLOGY 


In the field of science, metrology forms one 
branch of the wide subject of physics. It is 
natural, therefore, that in the development 
of metrology, scientists should have taken 
liberal advantage of the resources available 
to them in other branches of physics, notably 
those of light, electricity and pneumatics. 
These resources have similarly been exploited 
for improving the accuracy and applicability 
of the devices used for measuring the sizes 
and shapes of engineering products. 

Applications of Light.—It is probably true 
to say that the application of the principles 
of geometrical optics and of other properties 
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Fig. 8—Alignment telescope and optical square — Taylor, Taylor & Hobson 


of light have been the means of producing 
the widest variety of measuring instruments 
to meet the general requirements of engineers. 

Of all these numerous and diverse applica- 
tions of light to engineering measurements, it 
is difficult to single out any particular one for 
further comment, but a little more may be 
said with advantage concerning the use of 
telescopes for alignment purposes in connec- 
tion with the manufacture of large mechanical 
structures in general. This practice originated 
in Germany for use in locomotive work- 
shops, but it has since become more wide- 
spread, particularly in the aircraft industry, 
where it has been the subject of extensive 
development under the name of “ optical 
tooling.” In that industry it is used for align- 
ing the important parts of large jigs upon 
which aircraft members are constructed on a 
repetitive basis. By means of these tele- 
scopes it is possible to set up lines of sight as 
major axes of these jigs, and with the help 
of a pentagonal prism held in a rotatable 
member, to sweep out optical planes at right- 
angles to these axes to an accuracy of the 
order of a second of arc. 

An alignment telescope and cylindrical 
optical square made by Taylor, Taylor 
and Hobson Ltd., for this purpose are illus- 
trated in Fig. 8. The optical axis of each 
unit coincides very precisely with the mechani- 
cal axis of its hardened steel body, which is 
itself ground truly cylindrical to within 
0-0002in and to limits of 2-2493in to2-2498in. 
The telescope is ordinarily held in an adjust- 
able mount, as shown, so that its line of 
sight can be set precisely in any desired direc- 
tion. Any deviations which may occur 
between the centre of a viewed target and this 
line of sight can be measured by an arrange- 
ment in the telescope known as an optical 
micrometer. This consists of a thick, parallel- 


sided, glass plate which is traversed by the light 
before it enters the objective of the telescope. 
The plane of this plate can be inclined about 
two axes at right-angles under the control of 
the two opposing drums seen near the eye- 
piece ; the third drum is for focusing. The 
effect of inclining the plate about either of 
these axes is to cause a corresponding lateral 
displacement of the incoming beam of light 


to that axis. It should 
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scope to be measured optically to an accur 
of one in ten thousand, i.e. about 1/,,in jp 
30ft. This will obviate the difficulties en- 
countered in the present use of long rather 
flexible stick-micrometers. 

Applications of Electricity—Two oy. 
standing advantages of electrical methods of 
measurement are the ability to obtain almog, 
unlimited magnifications by the use of 
electronic circuits, and the facilities offered 
electrical recorders for displaying smalj 
continuously variable, linear displacements 
in the form of graphs on moving paper charts, 
One example of such continuous recording 
has already been referred to in connection 
with the measurement of the pitch errors of g 
lathe (Figs. | and 2). Two other examples of 
the combined uses of electronic magnification 
and continuous recording are to be found in 
the “Talysurf” and “*Talyrond” instruments 
made by Messrs Taylor, Taylor and Hob. 
son for measuring surface finish and errors jn 
roundness respectively. In both these instry- 
ments the surface to be examined is slowly 
traversed by a sharply pointed diamond stylus, 
In the case of the surface finish instrument, 
the small up and down movements of the 
stylus as it rides over the surface are converted 


acy 


Radioactive Source 





be noted that this dis- 


in a plane at 90 deg. 
placement is independ- pi 
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right-angles at any dis- 
tance along its length 
by means of the rota- 
table optical square, as 
shown to the right of 
Fig. 8. This optical square is only one of a 
number of accessories which are available 
for extending the uses of the alignment 
telescope. It is of interest to note that further 
developments are in hand by Taylor, Taylor 
and Hobson Ltd., to enable actual dis- 
tances along the line of sight of such a tele- 


All dimensions are maximum. 


Fig. 9— Errors in the roundness of a taper roller race and of a billiard ball revealed by “‘ Talyrond ”’ instrument. 


This reproduction is slightly reduced from the original. 


The magnification for the billiard ball is ten times less 


than that for the race 


\ Backing Material 


Fig. 10—Two arrangements of the radioactive source and the detector, in the 
form of an ionisation chamber, for a transmission and a back-scatter gauge 
—Baldwin Instrument Company 


into a correspondingly varying electric cur- 
rent which, after application, is transferred to 
the recorder or to an averaging meter. Mag- 
nifications as high as 100,000 can be obtained 
with this instrument. For testing roundness, 
the stylus is mounted on a radial arm attached 
to a vertical spindle which rotates slowly in a 
bearing. The whole success of this test 
depends upon the very high degree of mech- 
anical precision which has to be attained in the 
grinding and lapping of this spindle and bear- 
ing to ensure that the axis of rotation of the 
stylus does not wander by more than one or 
two millionths of an inch during a revolution. 
To measure the roundness of an object it is 
placed on the table of the machine and the 
stylus is allowed to make a circuit bearing on 
the outer, or inner circumferential surface, as 
required. Any departures from true round- 
ness of these surfaces produce corresponding 
radial deviations of the stylus from its true 
circular path which are amplified electrically 
and scribed on a circular chart. Examples of 
two such charts are shown in Fig. 9. The 
one on the left was derived from the outer 
race of a taper roller bearing using a radial 
magnification of 4000. The finely-serrated 
trace on this chart reveals that the circum- 
ference of this race had surface roughness of 
the order of 50 micro-inches superimposed on 
seven lobes with corresponding radial varia- 
tions amounting to 0-00012in. These latter 
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eometrical errors from circularity are dis- 

Jayed more distinctly by the other trace 
fom which the effects of the surface roughness 
have been removed by introducing a filter into 
the electrical amplifier. The second example 
on the right shows the trace obtained on an 
ordinary billiards ball at a lower magnifica- 
tion of 400 and reveals radial variations of 
0 002in. 

Applications of Nuclear Physics.— An 
example of the eagerness with which advances 
in physics are exploited for metrological 

urposes in industry is given by the recent 
application of radioactive isotopes of thal- 
ium, strontium and cerium to measurements 
of density and thickness by the Baldwin 
Instrument Company, of Dartford, Kent. 
The “ Atomat ” radiation thickness or weight 
gauges made by this firm operate on the 
reflection or absorption by sheets of materials 
of beta radiations emanating from radio- 
active sources. The intensity of the reflected 
or transmitted radiations depends upon the 
weight per unit area and the atomic number 
of the elements of which the sheet is com- 
posed. If the density is known, as in the 
case of metals and most plastics, the 
“ Atomat ” gauge can be calibrated directly 
in terms of the thickness of the sheet, or of 
the coatings on a backing material. 

Fig. 10 shows diagrammatically the two 
arrangements of the radioactive source and 
the detector, in the form of an ionisation 
chamber, for a transmission and a_ back- 
scatter, or reflection gauge. In the trans- 
mission gauge, the sheet to be measured is 
passed continuously through the gap between 
the ionisation chamber and the detector, and 
the current in the latter, after being ampli- 
fied, is used to indicate the weight per unit 
area or thickness of the sheet, which may be 
of metal, paper, plastic, &c. For measuring 
the weight per unit area of a coating on a 
backing material such as a film of lacquer or 
tin on a steel cylinder, glazing on tiles, &c., the 
back-scatter method is used, i.e., the source 
and detector are placed on the same side of 
the sheet, as in the lower diagram of Fig. 10. 
For this method to be successful, there must 
be an appreciable difference between the 
atomic numbers of the coating and backing 
materials. The accuracy of this method is of 
the order of | per cent. 

It is of interest to mention that the trans- 
mission type of gauge has been adapted for 
measuring the thickness of red-hot steel tubes 
of wall thickness ranging from 0-lin to 
0-6in. By this method, an eccentricity be- 
tween the bore and outside surface of such 
tubes amounting to only 2 per cent of the 
wall thickness can readily be detected on tin 
thick tubes. 

Applications of Pneumatics.—Extensive 
developments have been made in the applica- 
tion of the principles of pneumatics to engi- 
neering measurements since the French 
firm of Solex firstused a scheme for calibrating 
carburettor jets by means of compressed air. 

More elaborate air-gauging appliances are 
in general use for all types of measurements 
in workshops and inspection rooms. Many of 
these designs take the form of multi-gauging 
machines for simultaneously measuring a 
large variety of dimensions on parts produced 
in quantities. 


METROLOGY IN ENGINEERING EDUCATION 


The importance of metrology in mech- 
anical and production engineering has been 
recognised by its introduction into the 
curricula of our technical colleges and even 
in some of our universities. It was included 


in the subjects for the Higher National Certifi- 
cates in Mechanical and Production Engineer- 
ing during the inter-war period, and since 
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the last war a school of engineering metro- 
logy has been instituted at the Manchester 
College of Technology. 


CONCLUSION 


It is hoped that what has been said above 
will indicate the very close relationship 
which exists between engineering practice 
and the art of metrology. The two are 
closely interwoven and advancements in one 
stimulate corresponding improvements in 
the other. This country has been fortunate 





241 


in the way designers and manufacturers of 
gauges and measuring instruments have 
successfully met past demands for more 
specialised and more highly accurate 
measuring equipment ; and with the store 
of skill and knowledge that has been built 
up in that field during the last thirty or forty 
years, there is no reason to fear that future 
demands, which already are arising in con- 
nection with automation and the exploitation 
of atomic energy, will not be satisfied in an 
equally competent manner. 


Management and Labour 


By SIR VINCENT TEWSON, C.B.E., M.C.* 


VERY time there is trouble in industry 

the prophets of doom begin their work 
of confusion. If one took too much notice 
of them we would be inclined to despair. 
This is not to say there are no troubles in the 
field of industrial relations. Of course there 
are. But in what section or phase of life, 
in the home, in politics, or in international 
affairs, do people live in that idyllic peace 
that some of the starry-eyed pundits seem to 
expect in industry ? To get this question of 
industrial relations into perspective one has 
to look at the changes which have been 
wrought in the last few decades. It would be 
folly to ignore what trade unions and 
management in many sections of industry 
have done to improve the climate in which 
industrial and human relations develop. So, 
now and in the future, I firmly believe that 
it is those from both sides of industry, 
enlightened by years of experience, who will 
have to resolve their own problems. To-day 
we may fairly claim that British industry has 
to its credit far more successes than failures 
in settling its difficulties and meeting its 
tasks. This can be a good augury for the 
future. Arrangements for collective bar- 
gaining and joint consultation are not 
perfect. With human beings working them 
that is too much to expect. For, despite the 
schemes that have poured from the pens of 
the self-appointed “‘ planners” in the post- 
war period, one just cannot fit human beings 
into a pattern to suit a predetermined indus- 
trial philosophy nor solve human relations 
by a mathematical equation. In industry we 
have men and women—free people with a 
free will, and often with a streak of indepen- 
dence which may be incompatible with a 
wide social responsibility. That applies to 
management and labour. 

Not for one moment does the foregoing 
imply that we can be complacent. We must 
find and meet the challenge in every new 
problem that comes along even though it 
arrives on the scene before we have sorted 
out the old ones. Furthermore, though I 
have said I have little time for those who can 
put industry right in one moralising article 
or pamphlet, I recognise that both the 
unions and the employers must meet new 
problems with new ideas. We must add to 
basic common sense all the worth-while aids 
of science and technology—whether we are 
dealing with the processes of production or 
the way people work. There is just as much 
need and opportunity to cultivate human 
relations as there is for inquiries into ways 
of doing the job more quickly, easily and 
cheaply through new processes and new 
materials. I know that in industry there is 
growing agreement on this and it typifies the 
general climate to-day—though there are 
those who still shy in horror at anything so 
new-fangled as work study or joint con- 
sultation. 

* General Secretary, Trades Union Congress. 





Trade unions have had a long and tough 
journey in a century of struggle for recog- 
nition from the State and the employers. 
But with that recognition they have in turn 
assumed new responsibilities of their own. 
While their first responsibility must always 
be the service of their members, trade unions 
have acknowledged that the nation’s standard 
of living is inseparable from the way they 
help to earn and sustain it. 

Look at the last ten years that followed a 
war in which the unions had done all they 
could to ensure final victory. Warned of 
the dangers of inflation to a weakened 
economy, they voluntarily accepted a revolu- 
tionary proposal. They agreed to hold back 
wage claims in return for a Government 
promise to hold down prices. As part of 
wages policy trade unions saw that they had 
an important role to play in fostering more 
efficient methods of production. The Trades 
Union Congress helped to set up the Anglo- 
American Council on Productivity and to 
ensure its success. In the same spirit it 
associates to-day with the British Produc- 
tivity Council, striving for a higher level of 
efficiency in industry. In their particular 
fields the T.U.C. and the unions have extended 
schemes of training to include work study 
and problems of production. A very large 
number of shop stewards in engineering and 
manufacturing industries have attended these 
courses and key officials have been trained by 
reputable firms of industrial consultants. 
These are some of the signs which show the 
tapid changes that have come about in trade 
union attitudes and thinking during the last 
ten years. 

But if many trade unions have been 
making changes to meet changed times, 
so have managements. Many employers 
I know welcome rather than oppose trade 
union organisation. On the other hand, 
there are employers who are determined to 
do no more than tolerate the unions. They 
look forward to the day when there will be 
no more unions—though few are crude or 
bold enough to say so. I want to remind 
people like this that the unions are going to 
be in business for a long time. Trade unions 
are living organisations. Nobody decreed 
trade unions into existence in Britain. They 
were born out of the lives of ordinary working 
people to defend and foster their interests. 
They have grown because working people 
have needed them. Unlike so-called unions 
in totalitarian countries, they are inde- 
pendent self-governing organisations, demo- 
cratically making their own policy. I believe 
that they are essential to our industrial life, 
whether under private or public ownership. 
Because trade unions are strong they come to 
the bargaining table expecting to be treated 
as equals. Where they are, it is reasonable 
to expect a settlement satisfactory to both 
sides. Where they are not, there is sus- 
picion and distrust that leads to prolonged 
7 









242 


disagreement and eventually to deadlock. 

On balance our voluntary negotiation 
machinery to-day leads far more frequently 
to settlement than to breakdown. The 
trouble is that the strike gets all the pub- 
licity. And when three follow in close 
succession, there arises a clamour that 
industry is in chaos : it is as if the last trump 
of doom was sounding over our factories. 
At such times we should remember that, 
despite full employment adding immeasurably 
to the bargaining power of the unions, 
strikes have cost industry since the war only 
a third or a quarter of the number of 
days in the comparable period after World 
WarlI. Moreover, in the post-war period the 
average time lost through strikes amounted 
to less than one hour for each worker in a 
year, compared with three and a half hours 
a worker in the U.S.A. There the total 
number of days lost through strikes, it has 
been estimated, has been in recent years ten 
times as great as in this country, though 
allowances must be made for a population 
three times as large. 

Strikes none the less remain a serious 
problem, especially when they occur in key 
industries. It is no answer to suggest that 
legislation can stop them. The trade union 
movement would never countenance any 
interference with the right to strike, and it is 
understood that responsible opinion in the 
Government and among employers appre- 
ciates that any attempt at anti-strike legisla- 
tion would create more problems than it 
solved. Strikes can only be limited in 
number when every care is taken to ensure 
that negotiating machinery works well and 
that it is fully and conscientiously used by 
both sides. 

The T.U.C. General Council not only can 
and does play its part in disputes between 
unions and employers, but also between 
union and union. Over the years the unions 
have agreed to certain guiding principles for 
inter-union relations and have accepted the 
T.U.C.’s mediatory and concilmtory role in 
settling differences between them. Not that 
any differences in our movement have ever 
been serious enough to break its unity. To 
be able to talk of the British trade union 
movement in the singular when such a move- 
ment comprises craft, industrial and general 
unions, each with their own loyalties and 
differing theories of organisation, makes it 
clear that some authority and discipline is 
being accepted. If it were not so, then our 
movement would be splintered into competing 
national organisations such as exist in some 
other countries. 

There are, of course, those workers who 
have never adjusted themselves to these 
years of jobs for all, a fair measure of social 
security and an overriding need to look at 
their own living standards in terms of the 
way they work. Resentment and distrust, 
brought with them out of the cruel days of 
unemployment, clouds their perspective and 
impedes the fullest constructive contribution 
to society. And just as there is a problem 
among trade unionists so there is a similar 
difficulty among employers content with the 
old routine in industry—the old methods, the 
old machines and the old markets. These 
people, too, evade the challenge of modern 
times. But so long as there are these people 
in industry, so shall we be slower in making 
the machinery of negotiations and consulta- 
tion as efficient as possible. For there are 
jobs enough to be done in every single 
industry. For instance, in engineering, dis- 
cussions have taken place on the need to 
simplify the wages structure—a difficult task 
in so diversified an industry, and little pro- 
gress has been made; and there is the 


extension of joint consultation in many 
firms. 

Now joint consultation in some ways 
complements negotiation, although the latter 
may emphasise more distinctly the two 
separate sides round the table. At the T.U.C. 
we believe that joint consultation is indis- 
pensable. We give a good illustration of the 
store we set by it in the part we play on the 
three-sided official bodies that deal with 
employment and production problems. Along 
with the national employers’ organisations, 
the T.U.C. has representatives on the 
Minister of Labour’s National Joint Advisory 
Council and on the Chancellor of the 
Exchequer’s National Production Advisory 
Council on Industry. Through our share in 
these organisations we express our belief 
that joint consultation must be one of the 
watchwords of trade unionism in all its 
relations with Government. Such consulta- 
tion which enables legislation and regulations 
to be framed on the most comprehensive 
possible basis does not take away from 
Parliament the responsibility of governing, 
nor from ourselves the right to oppose and 
disagree with the Government. In the same 
way, while advocating joint consultation 
throughout industry, the trade union move- 
ment does not seek to interfere with manage- 
ment’s right to manage. All it aims to do 
is to ensure that there is a chance for the 
worker to share in the making of a firm’s 
policy and to understand that policy. There 
should always be consultation before decision. 
That involves breaking down the idea current 
among some workers that only the boss is 
paid to think and the other, and more 
dangerous, idea current among some em- 
ployers, that only management can think. 
People who tie their necks in knots about 
“‘ managerial functions” should note the 
experience of those firms where all have co- 
operated to make joint consultation a success. 
They will learn how consultation in devising 
and operating new ideas and techniques can 
step up efficiency, relieve strain, increase the 
pay packet, and raise the standard of life. 
I firmly believe that efficiency in industry will 
increase as joint consultation grows. 

What does disturb me is the existence of a 
feeling in some firms that the worker should 
not be told too much. These firms make it 
as hard as they can for their workers to find 
out about the company’s profits, earnings, 
dividends and reserves. They do not discuss 
prospects for the future even though the 
jobs and earnings of workers may be vitally 
affected. They do not explain costing in 
terms of wages, raw materials and processing. 
In fact, such firms do their utmost to put 
their financial affairs behind the tightly- 
drawn board-room curtain. Those which do 
should not be surprised if their workers are 
suspicious and unco-operative in any attempts 
at consultation. Unless managements are 
open with their information then workers 
cannot consult on any proper and lasting 
basis. It is vital for all to know that all the 
cards are on the table—face upwards. 

There is little that occurs in the workplace 
that should not be brought within the scope 
of industrial relations. Despite their so-called 
scientific basis, new techniques depend to 
some extent on human judgment. There can 
be disagreement on how to use them : there 
can be varying points of view about their 
value. That is why they must be discussed 
through the machinery of consultation or 
negotiation. In the same way the intro- 
duction of automatic processes must be 
handled within the framework of industrial 
relations. However fast automation con- 
tinues to develop, and I for one believe that 
we must not over-estimate this, it will not do 
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away with the need for good relations in 
industry. On the contrary, it will Make 
them even more necessary. Without goog 
relations, however many machines and auto. 
matic processes there may be, industry yilj 
never achieve its maximum efficiency anq 
the community will thereby be the poorer. 

I have already referred briefly to the Way 
the unions have responded to the Challenge 
made by the need to raise industrial efficiency 
It amounts to something of a revolution jn 
basic attitudes. I can remember how, not so 
many years ago, the appearance on the shop 
floor of a production engineer roused 
suspicion and anxiety. Would there be g 
speed-up which would put men out of work ? 
Was this a return to the evils of Bedeaux ? 
Was it a try-on to cut earnings ? Lack of 
knowledge and old memories were a barrier 
to industrial change. Understandably, shop 
stewards and trade union officials did not 
appreciate how with full employment their 
organisation could bargain from strength and 
at the same time they could co-operate jn 
bringing in more efficient methods to lead to 
cheaper, easier, faster and better ways of 
working. Now there are thousands of key 
trade unionists who do not fear a scientific 
study of their job and who have taught their 
fellow workers to give a fair reception to a 
new idea or process. They have confidence 
in work study proposals put to them by a 
manager because they have been trained to 
know what he is talking about and to put 
to him ideas of their own. Most of these 
trade unionists have been trained either at 
courses run by their own unions or by the 
T.U.C. at its Clapham training centre, or at 
day and week-end schools up and down the 
country. More than a _ thousand shop 
stewards and other officials have attended 
T.U.C. courses, many of them from the 
Amalgamated Engineering Union, which, 
in conjunction with the T.U.C., has run 
special schools of its own. The Transport 
and General Workers Union and the 
National Union of General and Municipal 
Workers, for instance, have both developed 
schemes of training which have brought 
several thousands of their key personnel 
into touch with the latest developments in 
modern managerial techniques. At more 
advanced level, about thirty top trade union 
negotiators have spent up to four months 
mastering in detail production techniques 
with first-rate industrial consultants. 

All this adds up to a considerable trade 
union investment in industrial efficiency and 
ensures the worker a quality of service that is 
abreast of the times. No attempt is made to 
turn out production or industrial engineers. 
The sole object is to give trade union officers 
and workshop representatives an apprecia- 
tion of new techniques so that they can 
better represent the interests of their members 
and play a more positive role in industry, 
together with management towards the 
essential and continuing expansion of our 
economy. Of course, trade unionists rightly 
expect that they will negotiate through the 
bargaining machinery of their industries a 
fair share of any increased earnings that 
come from higher efficiency. 

As we have been warned often enough, 
national economic failure means mass unem- 
ployment and the complete collapse of those 
welfare provisions for which the trade union 
movement has struggled so long to win and 
to hold—such provisions as the National 
Health Service, National Insurance, an 
education system that opens the door to a 
fitting career for all. Our people just cannot 
afford to see that happen. It is their job and 
management’s job to see that the nation pays 
its way. Remember, too, that trade unions 
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are becoming increasingly aware of the 
value of the brain, brawn, skill and craftsman- 
ship which they put into industry. All these 
qualities are scarce in times of full employ- 
ment : they must not be wasted by inefficient 
management for they are a most precious 
investment in industry. 

J am trying to show that there is a new 
climate in industry based on a mutual recog- 
nition of a common interest in Britain’s 
industrial success and to show at the same 
time that this does not involve the trade 
unions in sacrificing their basic purpose of 
serving their members. I hope, too, that I 
have shown some little pride in what has 
been done to make a success of the machinery 
of collective bargaining and consultation 
without being in any way complacent about 
what still needs to be done as a matter of 
urgency. But I want to impress on manage- 
ment that trade unionists are less and less 
prepared to tolerate the kind of attitude that 
cuts out the worker when it comes to making 
the policy for a firm and I want to suggest 
that the employer who talks of a corrective 
measure of unemployment is guilty of failing 
to face the facts of the industrial scene. 
Unless we are prepared to modernise plant 
and to see human relations as an opportunity 
for co-operative enterprise, then Britain is 
saddled with a burden that can drag her 
down in the bitter competition for world 
markets. 

I would say something, not to vindicate 
any failings of the trade unions in this 
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country, but as an indication as to what our 
workers have achieved. When a team of 
managers, technicians and trade unionists 
from the U.S.A. visited our factories under 
the auspices of the Anglo-American Council 
on Productivity, they said that in terms of 
effort there was no difference between workers 
in the two countries. Our own teams who 
visited American industry had much the same 
story to tell. What our U.S. visitors did 
notice, and what the British teams con- 
firmed, was that the British worker just did 
not have the same horsepower at his elbow 
nor could he call on so many machines. In 
such circumstances, which have come about 
through inadequate capital investment, and 
for which the trade unionist can take little of 
the blame, great credit is reflected on British 
workers and on progressive and ingenious 
management that the index of industrial pro- 
duction has risen to record levels. 

No sensible person can be satisfied with 
the progress we have made, but at least we 
have proved that all in industry are not lazy 
and dead from the neck upwards. So let’s 
cheer up. We will then be in better heart to 
tackle the real and vital problems still con- 
fronting us in industrial relations than by 
paying much attention to the Prophets of 
Doom. There is no general panacea for all 
our troubles ; wishful thinking on the lines 
of “if only ” this or that won’t help. Let’s 
get on with the job, with something more 
than just ordinary common sense. These are 
extraordinary uncommon times. 


Contractors’ Methods 


R. M. WYNNE EDWARDS, M.I.C.E.* 


THE 1850s 


N any branch of engineering 1856 is a 

long time ago ; so much has happened 
since then. In building and civil engineering 
works there was no structural steel, no rein- 
forced concrete, no transport other than 
railway trucks and horse and cart, and very 
little available power beyond that of men 
and horses—navvies, masons and bricklayers 
formed the great bulk of the men on whom 
the contractor relied to do his work. 

It is interesting to look at the sort of things 
civil engineers were thinking about and 
doing in the 1850s. The railway age which 
started in the ’thirties had already produced 
tremendous developments in civil engineering. 
G. P. Bidder, in his presidential address to 
the Institution of Civil Engineers in 1860 
could say “‘I have been long enough in the 
profession of civil engineering to see it grow 
from a mere craft or mystery into a scientific 
pursuit.” Engineers’ minds were ranging 
over a wide field, for design and methods of 
construction must of necessity go hand in 
hand. In this connection we were peculiarly 
fortunate in Great Britain because until 
the last fifty years or so there was not much 
dividing line between the mechanical engineer 
and the civil engineer, and again and again 
we find mechanical engineers concerning 
themselves with civil engineering work and 
vice versa, with the result that theory, which 
is civil, and how to do it, which is frequently 
mechanical, were properly brought together. 
Later, by the turn of the century, British 
civil engineers were tending to try to isolate 
civil engineering and withdraw themselves 
from mechanical developments with the 
inevitable result that the lead passed to other 
countries, Continental Europe and America. 

However, a hundred years ago construction 
was at its heyday. The days of great railway 
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building in England were coming to an end 
and British engineers and contractors were 
busy building and developing railways in 
other countries all over the world—in 
Canada, Australia, India, France, Italy, 
Spain, Turkey, Egypt, to name a few— 
encountering all sorts of problems and learn- 
ing a great deal in the course of solving them. 
Robert Stephenson’s iron tubular bridge 
across the St. Lawrence was being built at 
Montreal, and Brunel’s famous iron Saltash 
Bridge was nearing completion. At the 
same time, Brunel was in the forefront of 
the development of larger ships and was 
making improvements in submarine cables 
for the electric telegraph which was 
spreading everywhere. Victoria Station was 
being built and the ancillary works included 
a bridge across the Thames, consisting of 
four 175ft arched spans of wrought iron. 
Steam was causing many innovations in the 
mercantile marine, which was growing rapidly 
and sailing ships were being converted into 
screw steamers. In consequence, engineers 
were busy on harbour developments and 
learning how to handle and place in protective 
moles, blocks of stone large and heavy 
enough not to be washed away by storms. 
Waterworks were being built all over the 
country and pure water was being pumped 
through cast iron mains up to 24in and more 
in diameter. The supply of water in such 
quantities naturally led to the problem of 
disposal of sewage and sewers and outfalls 
were gradually taking the place of the cesspit. 

There was much speculation about new 
materials. In 1856 Bessemer read a paper to 
the British Association on his process for 
the manufacture of malleable iron and steel. 
In 1857 George Rennie read a paper before 
the Institution of Civil Engineers on the 
** Development of Rubble Beton or Concrete 
in Works of Engineering and Architecture,” 
in which he noted that bridges were being 
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erected over the Seine by French engineers 
using rubble concrete instead of stone, except 
for the outer facing of the bridges. Concrete 
blocks for forming sea walls had already 
been in use for some years. In the lengthy 
discussion that followed opinion was very 
divided on the use to which concrete could 
be properly put. Robert Stephenson, the 
President, in his summing up, complained 
that engineers appeared very chary of giving 
costs and “ it was a question whether rubble 
concrete was really so cheap as good bricks 
and cement for the superstructure of a bridge 
however useful it might be for the founda- 
tions.” As an indication of concrete costs 
at that time, Monsieur Bonnin had cast 
and placed at Cherbourg about 50,000 cubic 
yards of 45-ton concrete blocks at a cost of 
36s. per cubic yard, the concrete being of 
course mixed by hand. 

There was little application of power to 
works beyond steam pumps and locomotives. 
Earth moving was done by hand by gangs of 
navvies, who took the work on at piecework 
prices and were so skilled and so fit that they 
dug and loaded into carts or wagons 
astonishing amounts of earth per day ; Japp 
notes that on his first job in the 1890s 
“blue stocking” Lincolnshire navvies dug 
and loaded 2 cubic yards of solid clay and 
3 cubic yards of gravel per man-hour. Trans- 
port, wherever possible, was by 4ft O}in 
gauge locomotives and wagons, otherwise 
by horse and cart. Rock excavation was a 
matter of hand drilling and blasting was done 
with black powder until dynamite was in- 
vented about 1870. But tunnelling is so con- 
centrated a form of excavation that it throws 
speed of operation into relief ; both Europe 
and America were therefore experimenting 
with mechanical drilling, trying to operate 
piston hammers hydraulically, or by com- 
pressed air. Compressed air won the day, 
but it was not until hollow steel became 
available for drills in the early years of 
this century, enabling the dust and cut- 
tings to be blown out of the hole as it was 
being drilled, that pneumatic drilling really 
came into its own and even then the steel bits 
wore out very fast until a method of tipping 
them with tungsten carbide was invented a 
few years ago. Incidentally thedevelopment of 
tungsten carbide for this purpose can be 
traced to the devices of manufacturers in 
quite a different engineering field for making 
cutting tools that could machine metals more 
rapidly and more economically. Engineering, 
even though conventionally divided into civil, 
mechanical and electrical sections, is a unity. 
A development made in one section may 
permit advances in another. 


DEEP FOUNDATIONS 


In considering construction methods and 
techniques it is useful to divide them into 
two main branches. First, techniques that 
permit some new kind of construction to be 
done that could not be done before ; and 
secondly, techniques which permit a method 
of construction to be carried out more effi- 
ciently, more accurately, with fewer man- 
hours. Frequently, of course, the two 
branches overlap. Frequently the tech- 
niques or the machines for applying them 
~ adapted from some other engineering 
field. 

Some of the most important construction 
techniques of the first kind that have been 
developed during the past hundred years 
have been those that enabled engineers to 
build deep foundations. Unless rock or 
solid strata lay very near the surface there 
was no certainty that a large and heavy 
structure would not collapse, until engineers 
found ways of getting the foundations down 
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to solid ground. Our ability to build the 
great modern dams, bridges and buildings 
depends on our ability to found them on 
firm strata. 

Deep foundations depend entirely on the 
availability of mechanical power ; without 
it they could not be achieved. Frequently 
such foundations have to be taken down 
through water-bearing ground or even built 
under water. Until the steam engine was 
invented and then applied to pumping water 
there was no way of dealing in sufficient 
quantity with the inflow of water, quite 
apart from the other problems involved. 

In order to build a foundation under water 
John Cochrane in 1830 designed and built 
the first compressed air caisson, in which, 
like a large diving bell, the internal air 
pressure was kept high enough to prevent 
the surrounding water from coming in from 
below. By this means the inside was kept 
dry, and men could excavate, from inside 
the caisson, the material through which the 
caisson had to be sunk. As the excavation 
proceeded the caisson settled down under its 
own weight until it reached a firm bottom 
and then the foundation to the structure was 
built up within the caisson until it was above 
water level. The development of this very 
important technique has made it possible to 
carry foundations down to about 100ft below 
the surface of the water or water-bearing 
ground ; the chief reason for not going 
deeper by this method being that the air 
pressure at 100ft is about as much as a man’s 
body can stand without very long periods of 
decompressing. 

Another way of transferring the weight of 
the structure deep into the ground is by 
piling. Piling has been used since ancient 
times, but so long as hand winches were the 
only means of raising the pile hammer only 
small hammers could be used, and the pene- 
tration of the pile into the ground was not 
very deep. In 1844 Naysmith invented the 
steam-driven pile hammer—an adaptation 
of the steam forging hammer—which not 
only made it possible to strike a much 
heavier blow, but also to strike blows much 
more frequently. This permitted the driving 
of much longer piles much deeper into the 
ground. Since then piling frames and piling 
hammers have been developed so that piles 
can nowadays be driven at an angle or 
vertically, to depths of 100ft or more, and 
wooden piles have been superseded by piles 
built of rolled steel sections or reinforced 
concrete. 

The ability to found structures deeper 
made engineers want to find out a great deal 
more than they knew about the nature of the 
ground on which their structures were 
founded, and so there has grown up in the 
last fifty years the new science of soil 
mechanics. This has been a most important 
development because now for the first time 
it has become possible for engineers to learn 
the strengths of soils and rocks and so treat 
them like any other construction materials, 
such as bricks or steel. This, in turn, has 
required engineers to devise methods of 
taking accurate borings to bring up to the 
surface undisturbed samples of the various 
underlying strata so that their strengths can 
be determined and the foundation correctly 
designed. 

STEEL 


Two great new building materials have 
been developed during the past hundred years 
which have had a profound effect on con- 
struction methods. The first was structural 
steel and the second reinforced concrete. 

Iron, both cast and wrought, had been 
used for structures all through the first part 
of the nineteenth century, chiefly for bridges. 


In 1779 Darby built the well-known iron 
bridge across the Severn at Coalbrookdale, 
which still stands. This was followed by 
other bridges and gradually iron came into 
use for buildings also, when large roof spans 
were required, such as the Crystal Palace 
and some of the great railway stations. By 
the middle of the century rolled sections came 
into use, but wrought iron was expensive, 
and it was not until Bessemer devised his 
mechanical process of blowing a blast of air 
through the molten pig iron and so doing away 
with the expensive process of puddling, 
that the new product, steel, became a really 
economical building material. 

At this time the Americans had devised 
a method of building bridges by using pin- 
jointed trusses made of timber and this had 
led to the necessity of finding out what the 
stresses were in the various members of the 
truss. In 1845 Whipple published the first 
rational method of stress analysis in trusses, 
and theory began to replace rule-of-thumb 
in the design of framed structures generally. 
As steel came into use it was found that the 
strength of the resulting product could be 


ibtibbiladistiiibitial 


docks, to hold back a much greater depth of 
soil than had been possible before. 

Structural steel sections were easy to 
connect by plates and rivets. The loads to 
be carried by each member and, therefore 
its size, could be calculated and soon engineers 
realised that they possessed knowledge and 
materials to build structures vastly greater 
than had ever been possible before. 

Derricks, which were invented long ago and 
called sardonically after a man called Derrick 
who was a Tyburn hangman in the early 
seventeenth century, were modified so that 
they could climb up on the structure they 
were building, lifts for carrying up flooring 
and cladding materials were carried inside 
the structure as it went up and the New York 
skyscraper became a fact. 


REINFORCED CONCRETE 


The great value of concrete is that it can 
be cast in a plastic state in forms or shutters 
of any shape, where it will set into a solid 
and durable stone. Furthermore, it will 
set just the same under water. It is therefore 
naturally most desirable as a_ building 
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Steam excavating machine. This appears to be the first example of an excavator to be illustrated in ‘‘ The 
i .”’ It was constructed by Ruston Proctor and Co., of Lincoln and illustrated in our issue of February 
2, 1877. Practically no details are given, since ‘‘ the engraving shows the construction of the machine so 


clearly that little or no description is required.’’ 


Wrought iron seems to have been the main con- 


structional material 


more accurately controlled during its manu- 
facture than in the case of wrought iron, 
and this was of considerable importance. 
Theoretical calculations were useless if the 
material did not line up to its expected 
strength. Furthermore, the more reliable 
the material the less the factor of safety 
required, the slenderer the member, the less 
the weight and, ultimately, the greater the 
possible span. 

However, in spite of these advantages, the 
shipbuilders and boiler makers were much 
faster off the mark in using steel than the 
engineers and we find a long discussion in the 
Proc. I.C.E. in 1882—one year before 
Benjamin Baker started his steel Forth Bridge 
—arising from a paper pleading for 
civil engineers to make more use of steel. 
Gradually, steel came into greater and greater 
use. Rolling mill techniques were improved 
and a great variety of steel sections were 
rolled, ranging from light angles to heavy 
H-beams. Rolls were developed also for 
making interlocking steel sheet piles which 
not only rapidly replaced the old wooden 
sheet piles but, owing to their much greater 
strength and durability, enabled engineers to 
use them, as, for example, in the Hamburg 


material. Unfortunately, however, it has 
little strength in tension, so that when it is 
cast in the form of a beam, although the 
upper half of the beam which is in com- 
pression is strong enough, the lower half 
cracks in tension and the beam fails. The 
idea of reinforcing the concrete by embedding 
in it iron bars, which have great tensile 
strength, started about a hundred years 
ago in France and also, quite separately, 
in the United States ; but it was in France, 
through Monier, who, in the first instance, 
wanted to make concrete flower-pots and 
used wire mesh to hold them together, that 
the idea of reinforcing concrete with steel 
bars really took hold and it was largely in 
France that the development of reinforced 
concrete as a building material took place. 
At first, and for quite a number of years, 
little was known of the stresses involved or 
how the reinforcing behaved until Coignet 
produced a theory and a method of calculat- 
ing the stresses in 1894. Reinforced concrete 
then began to make great strides (though not, 
for some curious reason, in Britain, where 
it was frowned upon by engineers for twenty 
years or more). 

Consisting then as now of rotating drums, 
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concrete mixers had already been invented 
a hundred years ago, although for many 
years most concrete was mixed by hand, 
each batch being turned over three times 
dry and three times wet. However, whether 
reinforced or not, the strength of the resulting 
product was found to be very variable and 
as it was realised this was largely due to the 
concrete, much thought was given to im- 
proving the quality of the cement and aggre- 
gates that went to make the concrete and to 
the proportions in which they should be 
mixed and how much water should be added 
in the mixing. As a result the making of 
reinforced concrete has so improved during 
the last fifty years that it has reached the 
important position, as a construction 
material, of almost entirely superseding 
stone ; so much so indeed that stone masons 
who can set facing stone are becoming a 
rarity in England and I was told a few years 
ago, could no longer be found in Canada. 

Reinforced concrete owes its present 
position to the machine. Rock crushing 
and screening plants produce aggregates in a 
variety of sizes. These, in any desired pro- 
portion, and the cement and water can all 
be separately automatically weighed in the 
correct amounts to make whatever concrete 
is required, fed into the concrete mixer, 
mixed for a specified time and discharged 
into skips or conveyors for transportation 
to the shutters. Or the concrete can be 
pumped pneumatically through pipes, into 
the accurately built shutters, in which the 
reinforcing has been already placed, where 
the concrete is compacted by vibrators and 
finally kept moist by sprays of water until all 
the chemical action, which occurs during 
setting period, has finished. By these means 
the strength and quality of the resulting 
product is not only very much improved 
but is predictable within narrower tolerances. 
Being able to rely on a consistently good 
product has permitted the designers to think 
of reinforced concrete much more as they 
were accustomed to think of steel and some 
very fine structures have resulted, bridges, 
jetties and buildings. 

It is, however, worth emphasisingin thecon- 
text of this Centenary Number that the relia- 
bility of the product has been achieved through 
the work of men who are neither consultant 
civil engineers nor contractors. The desires 
of the latter for concrete of more consistent 
behaviour has led to the development not 
only of improved cements by the cement 
industry but also of mixing machines, 
vibrators and other special machinery and 
has thus stimulated advances in quite another 
field of engineering endeavour. 


MECHANISATION OF CONSTRUCTION WORK 


As an idea, the general mechanisation of 
work is now well on the way to being fully 
understood. It means an ultimate aim to 
place a powered tool, large or small in every 
man’s hand ; the doing of everything possible 
by machine. But the conception of mech- 
anising in this sense came in slowly, because 
in the earlier days when mechanical and 
civil engineering were much more closely 
linked, there was not the right kind of power 
available to drive appropriate machines and 
more recently because constructors had not 
grasped the fact that there was an economic 
gain in mechanising the carrying out of all 
parts of the work. 

Mechanisation is not a one sided affair, 
lying solely in the hands of the man on the 
job. The designer must also play his part 
and design the various parts of the works 
so that the execution of them can be mechan- 
ised as fully as possible. In order to do this 
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a good designer must be in touch with all the 
latest developments in construction methods, 
just as a good contractor must understand 
what the designers’ problems are. The more 
specialist the designers become, the more 
difficult it is to ensure that there will be this 
exchange of knowledge. It was for this 
reason that the Institution of Civil Engineers 
added a Works Construction Division to 
their other divisions. . 

We have seen that the invention of machines 
to do what could otherwise not be done 
(the crane, for example, which lengthened a 
man’s arm or the steam-winch which gave 
him power to lift heavy weights) came early. 
The drive towards the machine as a means 
of replacing manpower, as a means towards 
more rapid production came much later 
and as one might expect it occurred to a 
greater extent where manpower was short 
and, in consequence, expensive. Labour, 
especially skilled labour, has always been 
short in the United States and even a hundred 
years ago expensive. Because of the tremen- 
dous urge that has existed in that country 
to develop industrially in spite of the shortage 
and expense of labour, there has been a 
necessity for saving manpower where ever 
possible. The result has been that usually 
it has been America which has led the drive 
to develop a succession of new powered 
tools each time a new source of power has 
been found. 

Nearly a hundred years before the 
British navvy became extinct, William Otis, 
of Canton, Massachusetts, built the first 
steam shovel in 1834. It was a sizeable 
machine with a bucket capacity of 14 cubic 
yards, but only a few were made and the 
real development of the steam navvy, as it 
was called in England, occurred in the 
1870s and 1880s—see the accompanying 
engraving. In those days all such excavating 
plant was mounted on railway wagons and 
travelled on railway track, loading into 
side-tipping wagons hauled on tracks, laid 
alongside the steam navvy, by steam locomo- 
tives. They were cumbersome to use as they 
required coal and water and endless shifting 
of tracks as the face of the cut was excavated, 
but they dug the Manchester Ship Canal, 
which was started in 1887, and later the 
Panama Canal. More than seventy-five of 
these machines with buckets varying between 
14 and 24 cubic yards capacity were used in 
excavating the Manchester Ship Canal, with 
173 locomotives and 6300 railway wagons, 
and 500 cubic yards in a ten-hour day was 
considered an average fair output ofa 14 cubic 
yard machine. In the early 1900s they were 
emancipated by putting them on crawler 
tracks and powering them with the internal 
combustion engine, and they took on an 
entirely new and virile lease of life developing 
into several varieties of excavators, face 
shovels, draglines, trench hoes, and so on, 
and reducing the man-hour cost of excavation 
enormously. 

About this time another method of earth- 
moving was being developed in America 
by coupling up various cutters and scrapers 
to crawler tractors. Crawler tractors began to 
be used in America between 1900 and 1910, 
but it was not until after the 1914-18 war 
that American construction engineers began 
to realise their possibilities as a means of 
traction ; instead of being tied to a railway 
track like a locomotive, they did not even 
require a road to travel on. A blade for 


cutting through the earth and pushing the 
earth in front of it was fastened in front of 
the tractor and the resulting bulldozer has 
become a synonym for forcefully cutting 
through obstacles. ; 


The wheeled scraper 
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that used to be drawn by mules and horses 
was greatly increased in size and fastened 
behind a tractor, filling itself by scraping 
off the surfaces of the ground over which it 
travelled. 

With such devices and the more recent 
development of substituting large - tyred 
wheels for tracks, it has become possible 
to move earth in very large quantities in a 
comparatively short time, and this, in turn, 
has allowed us to level airfields and build 
roads with small man-hour expenditure at 
speeds that would have seemed miraculous 
even thirty years ago. For example, there 
were over 500 airfields built in Great Britain 
during the recent war by a civil engineering 
industry with greatly depleted manpower. 

Tractors, crawler and wheeled, nowadays 
have become normal requisites on almost 
every construction job and have been 
adapted for many purposes. Perhaps the 
greatest ingenuity in devising attachments 
to them has been exercised in the not dis- 
similar agricultural engineering, where a 
remarkable amount of mechanisation has 
resulted. 

The effect of this sort of mechanisation 
is that engineers are able to contemplate 
projects of very large size—the Kitimat 
project in British Columbia, the hydro- 
electric development in Scotland, and London 
Airport—knowing that they can be achieved 
in an economically short period of time at a 
low man-hour cost. It is a long step from 
the Manchester Ship Canal, which, with all 
its steam navwvies, still took seven years to 
build and employed 17,000 men. It is a 
vastly longer one from the 3,000,000 cubic 
yards of masonry in the Great Pyramid which 
Herodotus says took 100,000 men twenty 
years. 

But mechanisation of construction cannot 
be achieved by large machines alone, and 
besides these large machines there have been 
great developments in the production of 
powered hand tools. Usually, these are 
driven either by compressed air or electricity 
—drills, spades, wrenches, for example, 
and there are many others. There has been 
here an immense amount of action and 
reaction between the civil, mechanical and 
even the electrical engineering industries. 
A recent example is the development, 
primarily for rock drilling, of a means of 
sucking away dust from the very source of 
its generation at the tool tip, which is now 
finding application in grinding shops and 
foundry fettling shops, places far removed 
from rock excavations ! 

In general, the civil engineering side of the 
construction industry has mechanised itself 
very much more than the building side has. 
No doubt this is partly due to civil engineering 
works being made up of elements which are 
more readily mechanised than the innumer- 
able small details that go to make a building. 
On the other hand, as has been noted already, 
agriculture and the tractors engaged on 
agricultural work have been wedded together 
in a remarkable way. One thing is certain, 
which is that both building and civil engineer- 
ing works can, and must be, mechanised 
a great deal more if we are going to continue 
to increase our standard of living, and that 
every man-hour saved in making the capital 
goods that our constructional industries 
make, can be used for the production of 
consumer goods. Let us hope that in spite 
of the rather arbitrary divisions which now 
exist between civil and mechanical engineer- 
ing, the construction engineer of the future 
will still have a good deal of that mixture 
of both that his distinguished predecessors 
had a hundred years ago. 


INFLUENCES ON ENGINEERING ADVANCEMENT 1856—1956 


Part V—Governmental and Similar Influences 


ENGINEERS carry out their work not to benefit themselves but to benefit the community as a 
whole. Final decisions about what they shall do, about what they shall make, and in what 
fashion they shall do their work are made, usually unconsciously, by the public at large, which 
chooses to buy this or that of their productions, reject another, or demand that attention be 
particularly given to the development of a third. But the choice is not always unconscious. 
Engineers must abide by the behests of governments which, by the legislation they promote or 
the taxation they impose, may set limitations upon what engineers may do. Further, to 
advance safety, to protect the public from exploitation, on grounds of health, and for other 
reasons, governments (or other bodies set up independently of governments), may lay down rules 
and regulations by which engineers are expected to abide. A substantial influence may thus be 
exerted forcing and perhaps sometimes hindering engineering advancement. Lastly, govern- 
ments and local and other authorities are themselves customers for the work that engineers 
can do—and powerful customers at that! The boldness with which they encourage engineers 
to make advances, or the timidity by which they check them, can effectively influence what 


engineers attempt. These are the subjects which three authors discuss in this Part. 
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Legislation 


By SIR NORMAN KIPPING, J.P.* 


How LEGISLATION IS EFFECTED 


ATHER over a hundred years ago 

the first Act dealing with coal mines 
was passed, the Coal Mines Act, 1842. 
Quite recently the latest Act on the same 
subject has been put on the Statute Book, 
the Mines and Quarries Act, 1954. The 
first Act prohibited the employment of women 
and children underground ; the latest in 
the series of Acts, while continuing that 
prohibition, contemplates a whole code 
of rules having the force of law for all mines 
and quarries. This code is only partly con- 
tained in the Act. Very largely it is left 
to the Minister to give effect to the Act’s 
intentions by Regulations to be laid before 
Parliament. Indeed the Act does not even 
come into force till a date is fixed for it to 
do so in this manner. This is only one 
example of what is now a fairly general 
pattern in modern legislation. 

It is not always the appropriate Minister 
who is empowered to fill in the details in 
new legislation. That power may be dele- 
gated to local authorities or to some body 
set up by the statute partly for that purpose. 
When such authorised bodies are put in 
the position of being judges in their own 
cause thinking people see a danger signal, 
and criticisms such as are contained in Lord 
Hewart’s book, The New Despotism, are 
rightly heard. None the less this process 
of delegated legislation is in part an un- 
avoidable result of the complexity of modern 
techniques. Whether one likes the develop- 
ment or not one must recognise that it has 
come to stay, if for no other reason than 
that Parliament has not the time to deal 
with the immense mass of detail now handled 
by regulations. Nor is the process without 
its credit side. An industry acting through 
its trade association can often get results 
by discussing a technical matter with an 
informed Government department in a 
way which would be very difficult if the same 
question had to be discussed across the floor 
of the House of Commons, perhaps in an 
atmosphere of party politics. 


In addition to Public General Acts such 
as are referred to above, local authorities 
under Private Bill procedure often take 
powers which affect industry in relation to 
such matters as noise, smoke, vibration, 
smell and effluent turned into their sewers. 
This can be rather an insidious process. 
Some local authority responsible perhaps 
for an area with little industry may seek 
and get powers which are reasonable for its 
circumstances. Having got these powers 
other local authorities in different circum- 
stances will quote this as a precedent, and 
finally when many local authorities have 
obtained the particular powers in question 
that fact may be used as an argument for a 
General Act dealing with the subject. 


For the most part Acts and Regulations 
lay down the. result which must be achieved 
rather than the method of attaining it. 
For example, in only a fewcases is it necessary 
by reason of a statute to comply with a 
particular British Standard Specification. 
Some of the building by-laws adopt a 
sort of half-way house stating the object to 
be achieved but then going on to say that 
compliance with a British Standard Specifica- 
tion identified by number and date will be 
deemed to be compliance with the by- 
law. Even if this is not the case in respect 
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of any Regulation there is still a motive 
for adopting a specification if it was drawn 
up with the Regulation in mind. If a com- 
mittee drawn from the industry drew up 
a specification with the object of complying 
with an Act or Regulation then that fact 
is some defence if an individual using that 
specification is charged with not complying. 
The point is mentioned as it underlines 
the importance which British Standard 
Specifications are now assuming in industry. 
It is fortunate that the procedure of the 
B.S.I. goes a very long way to ensuring 
satisfactory standards and avoids to a great 
extent undesirable rigidity. ; 


WHAT LEGISLATION AIMS AT 


If the above is a general account of the 
kind of regulations with which industry 
has to comply, the question then arises 
what is the object at which they are aimed. 
It is easy enough to give a list of some of 
the objects : the safety, health and econo- 
mic well-being of employees, the safety and 
health of consumers both of goods and 
services, the safety and health of the general 
public, the protection of property, to enable 
an industry to continue in being or to con- 
tinue on a larger scale than would otherwise 
be the case for economic or strategic reasons, 
the preservation of amenities, to secure 
law, order and morality, to raise revenue. 
It is not always so easy to say which of such 
objectives is the one applicable to a particu- 
lar Regulation or Law. A Regulation may 
be made from one motive; that motive 
may become out of date or may be shown 
to have been mistaken, but the Regulation 
continues perhaps from mere inertia, perhaps 
from a new motive that is not officially admit- 
ted. Presumably a speed limit of 20 m.p.h. 
was originally imposed on heavy commercial 
vehicles in the interests of road safety. 
It is now almost universally admitted that 
if it were enforced it would cause other types 
of vehicle to overtake more frequently and 
so be a cause of added danger. 

The motive lying behind taxation is some- 
times equally obscure. Has the high rate 
of duty on spirits always been solely with 
the object of raising the maximum revenue, 
or has it been partly, and rightly, in the 
interest of sobriety ? Are the higher rates 
of income and surtax intended for revenue 
purposes alone or for some doctrinaire 
reason of redistribution of wealth ? What 
about purchase tax originally introduced 
primarily to discourage demand ? 


WHAT BODIES ARE RESPONSIBLE FOR 
LEGISLATION ? 


Responsibility for all legislation rests 
with some Government department. This 
kind of legislation affecting industry is no 
exception, but enforcement of the legislation 
may or may not be carried. out centrally. 
For example, the Factory Acts and the 
Mines and Quarries Act are the responsibility 
of the Ministries of Labour and of Fuel 
tespectively, and enforcement is by their own 
inspectorates. Equally, taxation is the 
responsibility of either the Inland Revenue 
or the Customs and Excise Departments, 
and they, too, have their own staffs for 
enforcement. The Ministry of Transport 
works partly through its own staff and partly 
leaves the matter to the police, for example, 
with the enforcement of speed limits and-the 
condition of vehicles. Much of. the legisla- 
tion affecting industry falls within the general 
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field of the Ministry of Housing and Local 


Government. Local by-laws which are in 
this field are actually directly the responsi- 
bility of local authorities and are enforced 
by them. Standards of effluent turned into 
rivers are dealt with by River Boards and 
also fall under the same Ministry. The 
River Boards share with local authorities 
the power of making their own by-laws and 
standards to be complied with. There is 
therefore a mixture of central enactment 
and central enforcement with local enactment 
and local enforcement. 

In some cases local standards and local 
enforcement are very inconvenient to 
industry. Local authorities seldom have 
staffs at their disposal with sufficient tech- 
nical knowledge to deai satisfactorily with 
such matters as whether a furnace is so 
designed as to be capable of being operated 
without the emission of smoke. There are 
also examples of duplication of control 
which is, of course, unnecessary and trouble- 
some to industry. The typical case might 
be where the Alkali Acts deal with a subject 
and a particular local authority seeks powers 
to cover the same subject. 


THE EFFECT OF LEGISLATION ON 
INDUSTRY 


There is no doubt that all this legislation 
has a great effect on what is manufactured 
and how it is manufactured. The engineering 
industry supplies other industries with their 
plant and equipment. If other industries 
are required by legislation to alter their 
methods of manufacture then it is the 
engineering industry which supplies the 
plant to carry out the required method. 
Many industries use water, and if that water 
may not be turned into a river in a dirty 
state then it is the civil engineering industry 
which provides the purification plant to 
clean it before it is turned into the river or 
to enable it to be recycled. If pressure 
vessels or chains must be periodically 
examined or tested, then it is the engineering 
industry which has to make those pressure 
vessels or chains in a form to allow the 
inspection and to make the necessary 
appliances to carry out any tests. 

But before coming to such detailed points, 
there are two general considerations. Much 
of this legislation is an absolute necessity 
to life and society as we know it in these small 
islands. If there were no legislation dealing 
with hygiene, safety from fire, transport and 
other matters, it is difficult to see how our 
large cities could exist at all and how large- 
scale manufacture could be carried on. In 
that broad sense, therefore, large-scale manu- 
facture is made possible by the rule of law 
and order as opposed to anarchy. In a 
somewhat narrower sense many laws require 
the industrialist to do in a detailed and 
specified manner something that in one way 
or another most efficient manufacturers 
would do in any case. It is therefore difficult 
to say how far such a law has made any 
difference at all to what is manufactured 
and how it is manufactured. Most respon- 
sible manufacturers would not care to take 
chances. in potentially. dangerous processes, 
and all that the law imposes on them ‘is 
detailed requirements instead of leaving it 
to their own good sense as to what precau- 
tions they shall take. To an extent the law 
prevents the less scrupulous from competing 
unfairly with the more responsible by neglect- 
ing proper and reasonable precautions. 

A more subtle effect of regulations and 
laws may be to prevent a manufacture being 
set up at all. All enterprise starts with some 
individual..deciding-that. it would. be worth- 
while to undertake: a new venture. After 
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investigation it is either decided to proceed 
or to drop the proposal. If some regulation 
prevents the original idea from being carried 
out a new development may be stifled at 
birth. For example, an industrialist may 
see an opportunity of enlarging a factory. 
If permission to enlarge is refused under the 
Town and Country Planning Act, enlarge- 
ment may not take place at all, although the 
planners may hope that it will take the form 
of a branch factory in another locality. 
The mere delay imposed by the necessity 
to comply with too many formalities can have 
a very restrictive effect of this nature. 


TAXATION 


Taxation is such a special case that it is 
being left for separate treatment. There 
are a few industries which are sheltered by 
the protection of customs duties in this 
country. In these cases obviously an indus- 
try either owes its existence to these duties 
or exists on a greater scale than would be the 
case without the benefit of them. Subsidies 
can have much the same effect. Subsidies on 
agriculture obviously secure a more pros- 
perous agriculture than would otherwise 
be the case. This is of great importance 
to the engineering industry for it provides 
a more flourishing home market for agri- 
cultural machinery. Not only is this of 
itself a great benefit, but a sound home mar- 
ket is almost indispensable to an export 
trade. 

The converse is equally true ; the lack 
of a home market makes an export trade 
extremely difficult. Purchase tax unfortun- 
ately has seriously damaged the home market 
for certain goods which are often those 
goods required for export. One example 
is the more expensive type of motor-car. 
An even more striking one is the textile 
industry which is particularly plagued by 
a special feature relating to purchase tax. 
The *‘D” Scheme, under which there is a 
free margin before purchase tax is applied 
in the case of each article affected, has led 
the public and retailers in the home market 
almost to boycott goods which are of a 
quality which brings them above this free 
range. Unfortunately it is just these quality 
goods which are best suited for export. 

Obviously, any high rate of duty on parti- 
cular goods or commodities will restrict 
their sale. The duties on alcoholic drinks, 
tobacco and, to a lesser extent, on oils must 
have some regressive effect. But apart 
from this direct consequence, there can be 
side effects. A good example is the com- 
petitive position of diesel as against petrol 
engines on the road. The duty on the fuel 
of each is the same per gallon. The diesel 
engine is more expensive to manufacture 
than the petrol engine. Its superior economy, 
nowever, has been made much more attrac- 
tive by high rate, of duty on both fuels. 
As a result its use is extending rapidly in 
this country, though not for heavy transport 
vehicles in the U.S.A., as was reported by 
Mr. Robert Cass. in THE ENGINEER of 
March 25th. 

The effect of direct taxation is a matter 
of much controversy. On the one hand 
there is the belief that it acts as a discourage- 
ment to development and enterprise to 
boards of directors when taking business 
decisions on behalf of their companies 
and to individuals asked to undertake extra 
responsibility or to sacrifice their personal 
preferences in some matter. On the other 
hand, the present Royal Commission on 
Taxation has found a lack of convincing 
evidence of any such effect. If this dis- 
incentive effect does exist—and many com- 
pany chairmen have referred to it in their 


annual addresses—then the present high rate 
of direct taxation reduces the demand for 
capital equipment for new ventures which 
it inhibits. 

A most unfortunate effect of the high 
taxation in this country is to favour the 
carrying out of schemes under fiscal laws 
of other countries which may be less onerous. 
Mining ventures overseas are specially 
affected for many foreign countries treat 
such enterprise much more equitably by 
their taxation regulations than does this 
country, which, for example, grants inade- 
quate depletion allowances. So strong is 
the motive to avoid British taxation that 
a special section was introduced in the 
Finance Act, 1951, to prevent the control 
of British companies being removed abroad, 
at least without Treasury consent. This is 
merely to lock the stable door on the present 
generation of horses. All the promising 
foals of the future will be born overseas. 
The serious consequence for British industry 
lies in the tendency of British managed 
businesses to buy British, while businesses 
managed overseas may buy anywhere. 
Orders for capital equipment which in the 
past came almost automatically to this 
country will no longer do so, but will have 
to be sought in the face of competition. 

One trend in connection with direct 
taxation has become apparent of late years. 
Any individual or interest with some particu- 
lar object at heart is inclined, as almost the 
first suggestion for securing that object, to 
advocate a taxation advantage. Surely it is 
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sounder policy to calculate profits or income 
on correct and proper principles and to 
tax them without these special exemptions 
Special treatment was given to the cog 
of installing oil burning plant when coal 
was short and to the cost of convertin 
it back again to coal when foreign exchange 
to buy the oil was short. Special exemption 
is proposed for plant designed to secure 
a smoke free atmosphere. It has been pro. 
posed for plant to secure fuel economy, 
It is often suggested in connection with 
exports, though it is extremely difficult to 
see how it could be worked even were it 
desirable. 

On the other hand, it seems unfortunate 
that the cost of repairing an old asset should 
be allowed as a charge for tax purposes, 
while the cost of renewing it should only 
be dealt with over a long period of time as 
depreciation. This does result in the tempta- 
tion to repair plant and even structures 
when it would be better to start afresh. 

Taxation, of course, is only the obverse 
of national expenditure. It is a means by 
which spending power is transferred from 
A and given to B or exercised by the State 
itself. If A is wealthy and, as in the case of 
the social services, B may be in need, then the 
result is less potential for saving and more 
call for consumption goods. As for direct 
State expenditure, it is only necessary to 
mention such objects as defence and research, 
including that on nuclear fission, to show 
how vital is the impact on the output of 
the engineering industry. 


Government Rules 


By STANLEY F. DOREY, C.B.E., D.Sc., F.R.S.* 


URING the last century the achieve- 

ments which have been accomplished 
in the many fields of engineering can only be 
described as remarkable. And the metal- 
lurgical industries which now form fields of 
parallel importance have made valuable 
contributions to this progress. By continued 
researches they have provided superior alloys 
to meet particular needs and have devised 
improved production and fabrication pro- 
cesses which have simplified and increased 
the output of engineering components. 
Theoretical engineering design remains well 
in advance of practice, however, for no other 
single factor rivals the importance of 
reliability as a control of progress. Never- 
theless, a wealth of practical experience has 
been built up over the period concerned 
and has been interpreted in improved design, 
construction and operation of structures and 
machines. 

Reliability represents the “‘ Golcador ” 
of the engineer as the obstacles which 
impede progress debar the attainment of 
perfection. For this reason developments 
must generally occur in a series of systematic 
steps, each the logical outcome of the former. 
Many examples are known when departures 
from this procedure have been attempted 
with resulting failure both mechanically and 
commercially. In order that the time between 
design and production of new components 
may be reduced, research has been intensified 
in recent years, but the problems of simulating 
long duration service by short-time laboratory 
tests remains. 

The consequences which arise from 
unreliability vary considerably from major 
disasters to minor inconveniences. The 
instances in which the failure of a component 
endangers human lives, involves the destruc- 
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tion of the plant and damages associated 
equipment, rank of foremost importance. 
In order that these may be safeguarded certain 
rules and regulations have been drawn up 
and some of these are the subject of national 
legislation. In general, they lay down the 
minimum standards which must be adhered 
to in the design, construction, testing, 
operation and maintenance of the com- 
ponents concerned. 

It is desirable that these requirements 
should not restrict the scope of the design 
unduly thereby impeding developments. At 
the same time, they must be adequate to 
cover all possible eventualities which may 
lead to disaster. As such it may be con- 
sidered that they play little part in progress, 
for they must be founded on experience or 
past events. On the contrary, regulations 
impart a high degree of reliability to machines 
and structures and ensure that retrograde 
steps shall not be taken in future designs. 
Moreover, they bring to the general notice 
the sources of weakness in plants and indicate 
the directions which may prove fruitful for 
research and alternative designs. So far as 
new innovations are concerned, their accept- 
ance by the recognised authorities who 
formulate these rules and regulations instills 
confidence and promotes wider adoption 
and usage. 

Rather than attempt to survey the 
voluminous regulations in existence covering 
the many products of engineering, indications 
will be given of the effects certain controls 
have exerted on machinery developments. 
As the basis for consideration the Rules and 
Regulations of Lloyd’s Register of Shipping 
will largely be used. 


HISTORICAL 


In order that the significance of regulations 
of this type may be appreciated a brief 
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examination of their early history will be 
made. Although marine underwriters 
employed surveyors-in the mid-eighteenth 
century, to adjudge the seaworthiness of 
wooden sailing ships, it was the advent of the 
steamboat that provided the greatest concern. 
Farly steamboats constructed on both sides 
of the Atlantic were little better than “ float- 
ing bombs.” In 1832, no less than 14 per 
cent of the steamers in operation in American 
waters were destroyed by boiler explosions 
or fires involving the loss of more than 1000 
lives! In 1838, Congress passed legislation 
which resulted in the formation of an 
inspection service to ascertain the seaworthi- 
ness of steamers, the suitable construction 
of the boilers and the competence of opera- 
tion. This action was a failure for the 
incidence of explosions and casualties in- 
creased and sterner measures had to be 
applied in 1852 and 1871. On this side of 
the Atlantic a Parliamentary committee 
was convened in 1817 to examine “ the 
means of preventing the mischief arising 
from explosions on board steamboats.”” The 
resulting regulations called for the com- 
pulsory registration of all steamers and 
stipulated that the boilers of passenger ships 
should be the subject of inspection and be 
constructed of copper or wrought iron. Two 
safety valves had to be fitted to each boiler, 
which was to be proved by testing to three 
times the working pressure. This was not 
unduly severe as working pressures were 
then below 41b per square inch and the 
corresponding factor of safety worked out 
in excess of 6.? 

The boilers of merchant ships were 
examined at periodic intervals by competent 
engineers who issued certificates which 
indicated the general conditions. Despite 
all these conditions boiler explosions occurred 
at not infrequent intervals, due in the main 
to poor design of the crude box types, 
inferior workmanship and materials and 
lack of attention during operation. As the 
industry and users gained experience, the 
numbers of failures decreased, but the lesson 
had been learned that half measures in the 
conditions required for safety in construction 
and operation were less than useless. 


The year 1955 marks the centenary of the in- 
troduction of rules covering the construction 
of iron ships. J. M. Murray® published a 
paper recently dealing with this aspect and 
the ensuing developments in ship construc- 
tion and regulations. As this year also 
marks the centenary when Bessemer filed a 
patent covering the converter process for 
the production of steel, a slight encroachment 
on the former field is warranted. Some early 
Bessemer steels suffered from inherent brittle- 
ness and were used almost exclusively for 
hull construction. The Classification Society 
accepted these steels, as made at Barrow-in- 
Furness for shipbuilding purposes on the 
basis of minimum load-carrying capacity 
tests and any other tests and inspection 
deemed necessary by the surveyor. A. J. 
Reed,’ Chief Constructor of the Navy, 
recorded the following statement in 1867 :— 
“The course recently taken by Lloyd’s 
Committee with reference to the use of steel 
is a very important one. It will doubtless 
be productive of much good on the whole, 
but it will need extreme care on the part of 
surveyors to avert in many cases disastrous 
consequences”... “The (25 per cent) 
reduction made in scantlings will bring the 
cost of a ship down to that of a similar ship 
built of good iron and there will probably be 
a saving in weight of about 100 tons for 
1000 tons of builders’ measurement. It is 
understood that the steel which has com- 
mended itself to the surveyors of Lloyd’s is 
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Bessemer steel, but as puddle steel is about 
£1 per ton less than Bessemer, the resolution 
will be likely to give a great impulse to 
the manufacture of cheaper materials.” 
An important additional influence was evident 
a decade later when superior quality steels 
were produced in quantity by the Siemens- 
Martin open-hearth process, for the experi- 
ence gained in the fabrication and manipula- 
tion of Bessemer plates hastened the wide 
adoption of those of the former class of steel. 

Open-hearth steels were early accepted 
for both ship and boiler construction on the 
basis that the plate displayed a tensile 
strength of 26 to 31 tons per square inch with 
an elongation at fracture of 20 per cent on 
8in. Temper bend tests from both longi- 
tudinal and transverse directions of all plates 
were also required. Steel had a marked 
influence on both hull and boiler construc- 
tion. The working pressures of boilers 
increased threefold in little more than a 
decade and to legislate for the new conditions 
the Rules were amended considerably. By 
1878 the scantlings of the shell, endplate, 
girders and furnaces were related to the 
working pressure, and the efficiencies of 
riveted lap and butt joints had been assessed 
and were specified. Hydraulic testing of 
a completed boiler was required at double 
the working pressure and when examined 
by the surveyor later, under steam, the safety 
valves were floated at the required working 
pressure and accumulation tests were called 
for. 

Although the design of each machinery 
installation submitted for approval was care- 
fully examined, no scantlings were specified 
and other requirements were few in number. 
The machinery was constructed, installed 
and tested under the supervision of the 
surveyor, however, and as in the case of 
boilers, was the subject of periodical detailed 
examination. In view of the importance of 
the bilge pumping arrangements and all sea 
connections, particular attention was given 
to the installation and operation of these 
items. In effect, these Rules aimed at 
maintaining a high standard of safety and 
reliability without imposing restrictions on 
the developments which were to follow. 

The increasing use of steel forgings and 
castings in machinery construction demanded 
suitable means of quality control which were 
acceptable to both makers and users. In 
1888 a system of testing and inspecting these 
items at the forge and foundry was intro- 
duced. It was appreciated that the inherent 
quality of the steel could not be judged 
simply by inspecting and mechanically 
testing the material of the finished product. 
A list was therefore published of makers who 
had satisfied the Committee of Lloyd’s 
Register that adequate controls were enforced 
and maintained throughout the various phases 
of steel manufacture. 


SHAFTING 


Before the introduction of forged steel 
shafts, the life of crankshafts of wrought 
iron was in many instances little better than 
three to three and a half years.> The engineer 
who had striven to overcome prejudices in 
favour of sail, was bent on dispensing with 
this form of propulsion by improving the 
reliability of main machinery still further. 
J. T. Milton® summed up the position in 
1879 as follows :—‘* The majority of break- 
downs of machinery at sea are caused by 
broken crankshafts, while those that break 
at sea are a small portion of the total number 
which are condemned or replaced owing to 
serious flaws being discovered in them. The 
great expense and inconvenience arising from 
the detention of vessels when being fitted 
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with new shafts has led to the adoption by 
most engineers, in large engines, of crank- 
shafts made in two halves, each half being the 
duplicate of the other, so that in the event 
of a breakdown one half only has to be 
renewed, and it is also the practice of some 
engineers, not only to make their shafts 
in similar halves, but to make each half 
reversible, so that in the event of a flaw 
appearing in any bearing it can be turned 
into the forward bearing, upon which no 
twisting strains come.” By calculation he 
showed the serious effects which arose from 
malalignment in multi-cylinder engines and 
drew attention to the needs for adequate 
fillet radii between pins and journals, and web. 

Two years later he indicated the importance 
of the angles of the cranks and stroke on the 
combined bending and twisting moments 
of the crankshaft.? In 1888, when Rules 
governing the scantlings of the main shafting 
were published, the formule given were 
similar to those which had been applied 
by the Board of Trade for some years, with 
the exception that the stroke of the engine 
was taken into account. In effect, the 
strength of the shafting was assessed on 
maximum torque only, the bending moment 
of the crankshaft being neglected. This is 
evident from the form of the expression used : 


PSD? 
-,/ C 
where 


d=shaft diameter. 

P=maximum absolute steam pressure. 

C=Constant which varies for each type of 
engine and shaft considered. 

S=stroke of the engine. 

D=bore of the |.p. cylinder. 


A number of early crankshafts were of 
cast steel, but the merits of forged crank- 
shafts were soon appreciated. To meet the 
improvements in quality of the shafting, 
advancing steam pressures and increased 
output of engines, the Rules were revised in 
1891. The influence of individual cylinders 
was taken into account in the new formule 
and the required minimum diameter of the 
shafting was reduced appreciably. In 1900, 
however, the diameter of screw shafts was 
increased in order that the growing number 
of failures experienced by steamships might 
be alleviated. By the mid-1920s the Rule 
formule had reverted to the form used 
initially, with the exception that the constant 
was also a function of the ratios of the areas 
of the I.p. and h.p. cylinders. In most cases 
the calculated minimum sizes of the shafting 
was slightly greater than given by the 1891 
Rule requirements. At about the same time 
the scantlings of screw shafts which carried 
propellers were further increased in relation 
to the diameters of the propellers, a measure 
intended to reduce still further the proportion 
of failures experienced. 

The advent of the steam turbine for main 
propulsion purposes was followed some years 
later by the introduction of Rules governing 
the scantlings of the shafting, which were 
simple in form due to the steady torque 
involved. In addition, the diameters of the 
turbine rotors were generally well in excess 
of assessments based on transmission stresses. 
The oil engine presented more complicated 
conditions, however, for the bending moments 
on the crankshaft could no longer be 
neglected. J. T. Milton® analysed the work- 
ing conditions of many large steam engine 
crankshafts and deduced a suitable safe 
working stress for the conditions of bending 
and twisting involved. Using this value as 
the criterion for oil engine crankshafts, he 
evolved semi-empirical formule for deter- 
mining the scantlings. These formed the 
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basis of Rules governing the strength of oil 
engine crankshafts which are in force to date. 
In general the working stresses on plain 
sections were limited to about 7300 lb per 
square inch or a factor of safety of not less 
than 84. That other factors may be involved 
which can still lead to failure of shafting is 
now well known, but warrants examination. 


VIBRATION STRESSES 


During the 1920s and early ‘thirties 
attention was drawn to the importance of 
fatigue in relationship to the failures which 
occur in marine main shafting.®?®"  In- 
variably the faces of fractured components 
displayed typical fatigue characteristics. 
While greater care was exercised in avoiding 
notches and corrosion conditions which 
radically reduced the fatigue strength of 
components, an equally important issue lay 
in decreasing the alternating or vibratory 
stress conditions which were primarily re- 
sponsible for the failures. As early as 
19027* 18 some fatigue failures of marine 
shafting were attributed to torsional re- 
sonance of the dynamic system formed by the 
active masses and interposed shafts of the 
propulsion unit. The exciting torque arose 
mainly from the cyclic variation of the steam 
loading of each engine cylinder, but in some 
instances reciprocating masses or cyclic load 
variation of the propeller were contributory 
factors. 

In the 1930s when the oil engine displaced 
the steam reciprocator as the predominant 
prime mover for powering new merchant 
ships, the investigation of the torsional 
' vibration characteristics of these machinery 
installations was intensified. Of the many 
works published, those of Ker Wilson," 
Shannon, Porter,!® Dorey,!” and Dramin- 
sky" are noteworthy. Nevertheless, although 
the natural frequencies of the dynamic 
systems and hence the positions of critical 
vibrations within the running range of the 
engines could be derived with adequate 
accuracy, the methods quoted for assessing 
the magnitudes of the torsional vibratory 
stresses left much to be desired in many 
instances. Generally the errors tended to 
Overestimate the stresses, and this was 
certainly advantageous. On the other hand, 
a few engine builders who recognised the 
importance of torsional vibration considera- 
tions at that time, were able to make better 
predictions at the design stage as a result of 
experience based on measurements from 
machinery arrangements incorporating their 
own types of engines. 

In 1944 the submission of critical speed 
calculations of torsional oscillation for both 
main and auxiliary machinery became a 
requirement of the Rules of Lloyd’s Register 
of Shipping. The decision was taken with a 
view to reducing still further the small 
number of shafting casualties. Two prob- 
lems were presented, however, and they 
comprised the accurate assessment of the 
stresses at the criticals concerned and the 
limiting values which could be tolerated in 
practice. Dealing with the former, a large 
number of measurements of the stresses 
arising from both major and minor orders 
of the one, two and, where possible, three 
noded modes of torsional vibration were 
obtained by torsiograph and strain gauge 
techniques from both main and auxiliary 
installations. These were carefully analysed 
over a period of years and many attempts 
were made to translate the data in terms of a 
reliable formula. The method detailed 
below was developed some seven years ago 
and represents a modification of that pro- 
posed by Ker Wilson. This method is not 
finalised and is offered as a matter of interest. 


According to Ker Wilson the actual 
amplitude, 9, at the forward end of the 
engine is expressed in terms of a combined 
magnifier M applied to the equilibrium 
amplitude. Thus :— 


M.TxXa 


+0=M. Oo= F500") . 


Where 

T=The harmonic torque per cylinder. 
xa=The vector sum of the ordinates 
at each cylinder from the nor- 
mal elastic curves, assuming 
unit amplitude at the free end of 

the crankshaft. 

p= Phase velocity. 

=(Ja*)= Effective moment of inertia of the 
system referred to the free end of 

the crankshaft. 


. (I) 


For all engines the resultant harmonic 
torque coefficients (Figs. 1 and 2) were 
standardised and represented the average 
values supplied by a large number of engine 
builders and others. In the above formula 
the magnifier M represents the combined 
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effect of both engine and propeller damping 
and may be represented thus :— 


- Q 


Mg and M, represent the magnifiers which 
would be applicable if either engine o, 
propeller damping is operating solely. 

Considering propeller damping only, the 
actual amplitude which would occur at the 
free end of the engine can be expressed as :— 


N,?TXa 


+6=39-0,.N,.07.p °° ® 


In which 


Q,=mean transmission torque at the service 
r.p.m., N,. 
N,.=r!.p.m. at the critical vibration con. 
cerned. 
0,=The vibration amplitude at the pro. 
peller for unit amplitude at the free 
end of the engine. 
p= Phase velocity. 





The propeller damping limits the amplitude 
of vibration to +6, and the magnifier M, 
referred to in equation (2) is given by :— 


M,=¢ (by Ker Wilson) . . (4) 


The “engine damping” has to represent 
the influences of all sources other than the 
propeller and includes bearings, friction, 
hysteresis of the material of the shafting 
and so on. For any given installation these 
are all functions of the amplitude of torsional 
vibration. The assumption was made that 
critical vibrations in different engine installa- 
tions would produce the same amplitudes of 
vibration at the free end of the engine pro- 
viding the equilibrium amplitudes, 9, are 
equal and propeller damping does not apply. 
Further this also holds irrespective of the 
mode of torsional vibration which is con- 
cerned. 

Of the accumulated service data, installa- 
tions were first examined in which propeller 
damping played no part, i.e. auxiliary 
machinery and engine-flywheel systems. For 
each critical concerned the values of Mz and 
8) were obtained and the plot of all these 
values gave the curve shown in Fig. 3. 
Using this curve in calculations involving one 
node main engine critical vibrations, the 
coefficient of 30, given in equation (3), was 
established. Some forty one-node systems 
were examined and Mz, values were derived 
using this coefficient in determining M). 
These were in good agreement with the estab- 
lished graph. In all, over 150 measured 
criticals were initially used to establish the 
curve. 
It will be noted that the engine damping 
decreases rapidly as 9 decreases below a 
value of 5x 10-* radius. This lower range 
corresponds with small actual amplitudes of 
vibration associated with criticals of minor 
orders which generally give rise to low stress 
levels. It is over this section of the graph 
that appreciable discrepancies may exist and 
this could be due in part to errors involved 
in the measurement of small amplitudes of 
vibration. 

Neither the methods of calculating tor- 
sional vibration stresses nor the levels of 
alternating stresses which can be tolerated 
in service are covered by Rules. In the latter 
case Notes were issued for the guidance 
of manufacturers in 1943 and were revised in 
1946.19 These Notes related to stresses arising 
from critical vibrations situated either within 
the running range of the engine or in the 
vicinity of the service speed. Engine builders 
were in general agreement with the proposals 
and the system adopted, therefore, succeeded 
in its object by establishing suitable safe 
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working stresses without the necessities of 
hard and fast rules. The stress levels quoted 
yere applicable to crankshafts, intermediate, 
generator and screwshafts of all sizes and were 
pased on the data available at that time. 
This comprised the plain, notched and cor- 
rosion fatigue strengths of forged steel 
specimens and the accumulated experience of 
many service investigations. Most of the pub- 
\ished information concerned fatigue tests un- 
dertaken on small polished specimens and the 
major part of this seemed unrealistic to apply 
to large marine shafting and in some in- 
stances showed little agreement with service 
performance. In order that more reliable 
information could be obtained torsional 
fatigue testing machines, capable of handling 
specimens of 10in and 3in in diameter, were 
designed by the engineering staff of Lloyd’s 
Register of Shipping.” Investigations have 
been undertaken on these machines to assess 
the effects of surface 


finish, fillet radii” and 50 
oil holes on the 
fatigue strength of 
different sizes of shafts. 
At present tests are 40 


in progress, simulating 
screwshaft and pro- 
peller assemblies. 

During the last 
quarter of a century 
engine builders and Me 
forgemasters have paid * 
increasing attention to 
the design and manu- 
facture of crankshafts 
in order that improved 
fatigue strength may 
be obtained. Some 
engine makers now 
consider that the design 0 
and Rule requirements 0 23% 50 75 
of these components % 
should be based _— 
on torsional and bend- 
ing fatigue considerations. In this way it would 
be possible to differentiate between the forms 
of crankshafts and give credit to those of 
superior quality. Nearly fifteen years ago 
the Standards Office of the Swiss Association 
of Machinery Manufacturers set up a com- 
mittee to consider the scope of structural 
durability but in this country few authorities 
have followed this lead. L. Martinaglia®* 
indicated in 1943 how this relatively new 
approach to strength of materials could 
be applied to the design of crankshafts 
and it is evident that before conventional 
methods of calculation are either modified 
or superseded, the results of extensive fatigue 
tests undertaken on full scale components of 
various form must be collated. Nevertheless, 
the aims of both design and Rule require- 
ments are to present realistic approaches ; 
and new engineering methods which assist 
in the achievement of these objects cannot 
be overlooked. 

The forgemaster has produced, in steels 
of superior strength, forgings which are of 
improved form. At the same time, close 
attention has been given to the grain flow 
of the material throughout the length of the 
crankshaft. This has been achieved by drop 
forging or pressing single units for smaller 
engines and by forming one throw at a 
time with the C.G.F. process, in which 
bar material up to 16in diameter can be 
handled. The crankshafts of large, slow 
running, heavy oil engines remain of “ built ” 
or “semi-built”’ types and the shrinkage 
allowance of between 1/550 and 1/700 of the 
shaft diameter, as required by Rule, is based 
on long standing practice. Recent investiga- 
tions have shown that while plastic flow of the 
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material may result from shrinkage allow- 
ances within the stated range, the loss of 
shrink from the ideal is a matter of little 
concern from the point of view of holding 
ability. 

As a result of wartime experience the 
popularity of cast iron crankshafts has 
increased for marine reciprocating machinery. 
Shaft diameters are usually below 8in, 
which includes a 10 per cent increase in Rule 
scantlings over and above those employed 
for similar engines having forged steel 
crankshafts. Until recently low alloy flake 
graphite irons were employed exclusively 
for this purpose, but some engine builders 
are now favouring ductile S.G. or nodular 
cast irons. To minimise wear the latter 
irons are being heat-treated to hardnesses 
of 275 B.H.N., the corresponding ultimate 
tensile strength of about 40 tons per square 
inch permitting reduced section sizes. Under 
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Fig. 3—Relationship between Mz and 6, for ‘‘ engine ’’ damping only 


these conditions ductility as measured on 
fractured tensile specimens are low and 
quoted figures of 1 per cent minimum 
elongation are of little value for quality 
control. 

The standard of casting accepted for these 
purposes must be the highest possible, for 
the failure of a crankshaft at sea may 
endanger the safety of the ship and, from the 
manufacturer’s viewpoint, could prejudice 
their usage. In consequence, crankshaft 
castings are only accepted from approved 
manufacturers who have demonstrated by 
extensive testing that the quality of the 
castings and controls in production ensure 
freedom from detrimental defects. 


REDUCTION GEARING 


In this country and the U.S.A. upwards of 
1000 ships incorporating double-reduction 
geared steam turbine machinery, were built 
or were under construction in 1921. This 
class of gearing of nested or interleaved 
type presented a number of problems in 
service and these were the subject of an 
outstanding paper by Walker and Cook.” 
The tooth loading was somewhat higher for 
double-reduction gearing than had been 
used previously in single-reduction gearing. 
For pinions of less than 10in in diameter 
unit surface load P formed the criterion of 
design. At this time k values of 60 to 75 
were adopted to limit the surface stress ; 
where k, a constant, equalled P/d, d being the 
pinion pitch circle diameter. For pinions 
in excess of 10in in diameter, oil film lubrica- 
tion became the limiting factor and gear size 
was calculated by the formula : 


P=KVd 
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where K had a value between 180 to 220 for 
gears for merchant ships and 200 to 225 for 
naval service. As a result of tests carried 
out under the guidance of the late Sir Charles 
Parsons, the above values represented a 
safety factor of about three, based on the 
conditions which were adjudged to cause 
surface failure of the teeth and not on the 
ultimate strength. 

Although with all addendum pinions the 
reduced surface stress conditions permitted 
k values of up to 120 to be used for pinions 
of about Sin pitch circle diameter or K values 
of up to 310, the previous values have been 
generally employed. The pinion pitch circle 
diameter appeared in both formule as it 
was directly related to the mean radius of 
curvature of the profile of the pinion tooth. 
Objections were raised later as no account 
was taken of the gear ratio and when Rules 
for reduction gearing were published in 1945 
by Lloyd’s Register, they followed the then 
established method based on unit surface 
loading P where 

R 
P=Kxdx Ri1° 
R being the gear ratio and the constant K 
having the value of 80, except for cases in 
which the secondary pinion was solid with 
the primary wheel, when a value of 67 limited 
the secondary gear only. 

Walker and Cook considered that tooth 
loading played little part in service troubles 
which arose with double-reduction gearing. 
They were of the opinion that the finish and 
accuracy of the gearing, its alignment and 
also torque reversal due to torsional reson- 
ance of the machinery system, represented 
the major sources. From 1921 onwards 
great attention was paid to the last stated 
item, and, in consequence, few troubles have 
since arisen from propeller excited torsional 
critical vibrations. Recently, Andriola® has 
summed up the various methods of calculat- 
ing the natural frequencies of the more 
complex turbine installations, but as the 
methods of assessing the mean and vibratory 
torques leave much to be desired, the system 
is usually tuned so that serious criticals 
do not occur within the operating range of 
the machinery. With geared diesel machinery 
this practice is frequently impossible and 
the engines are isolated from the gearing by 
fluid or magnetic couplings, which also offer 
advantages in manceuvring. 

It was only prior to the last war that 
serious attention was paid to the additional 
loads which result from gear inaccuracies. 
The work was primarily instituted by the 
Admiralty, the Metrology Division of the 
National Physical Laboratory designing the 
accurate gauging equipment and the Engin- 
eering Research Department of Lloyd’s 
Register of Shipping undertaking the service 
investigations. It was ascertained that 
service defects in the form of breakage, 
scuffing, pitting and excessive noise and 
vibration were mainly traceable to insufficient 
accuracy in the gear cutting machines and 
inadequate control of temperature variation 
in the gear cutting shop.” 

For example, an error of no more than 
0-:0005in in the main indexing worm of a 
hobbing machine can be sufficient to produce 
a screaming gear in service. Further, during 
the cutting of large gears a permitted diurnal 
temperature variation of only a few deg. 
Fah. in the gear cutting room, will result in 
undulations of long wavelength which give 
rise to heavy load concentrations evidenced 
by pitting, scuffing and even tooth breakage. 
In general, the higher the K value for the 
gearing the more severe are the consequences 
of gear cutting inaccuracies. 

The need to stipulate the accuracy which 
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was desired for the cutting of reduction gears 
for both naval and merchant ship machinery 
was evident. As a result, a British Standards 
Committee was founded for this purpose and 
limiting standards were laid down in 
B.S.S. 1498 (1948) for the accuracy of gear 
cutting machines and the conditions under 
which these are operated. The compliance 
with these standards has undoubtedly im- 
proved the service performance of gearing, 
although gear manufacturers have also made 
important developments in post hobbing, 
finishing processes, such as shaving and 
lapping. 

The drive for more compact and lighter 
reduction gear units has demanded advances 
in tooth loading necessitating materials for 
both pinions and wheels of superior hardness 
and strength to those which have served 
for over forty years. Thus, for pinions the 
34 per cent nickel steels, quenched and 
tempered to a B.H.N. of 185 minimum, are 
being replaced by 2} per cent Ni. Cr. Mo. 
steels similarly treated to up to 350 B.H.N. 
The higher the hardness of the material, 
however, the greater the machining difficulties 
involved. For heavily loaded naval gearing 
the uses of helix connection, by selective 
shaving, grinding or the use of tapered laps, 
is frequently used to improve performance. 
To obviate the serious problems associated 
with the machining of large gears of higher 
hardnesses, the use of gears, case- or in- 
duction-hardened and ground, is under con- 
sideration. A number of double reduction 
gear designs incorporating this refinement 
have been approved for ocean-going vessels 
and are the subject of special periodical 
examination. The tooth loadings range from 
about twice Rule values for the second 
reduction to about three times the value for 
first reductions with powers from 6000 s.h.p. 
to 11,000 s.h.p. 

It is, therefore, evident that many prob- 
lems associated with reduction gearing 
remain, but the few Rules and Regulations 
which relate to these items can have little 
influence on progress. On the contrary, 
those which relate to accuracy and vibration 
can only be regarded as beneficial by all 
concerned. 


PRESSURE VESSELS 


Within the scope of the definition of a 
closed container which experiences a dif- 
ference of pressure between inside and out- 
side, for any time interval, a vast number of 
pressure vessels are involved. These are 
usually considered in two main groups, 
depending on whether they are fired or 
unfired. These groups are subdivided into 
severity of operation and mode of con- 
struction. In marine practice fired pressure 
vessels rank of foremost importance due to 
the unfortunate early experiences and the 
conditions of service. J. H. Milton® 
recently detailed the types of boilers used in 
merchant ships and discussed the applicable 
Rule requirements. In addition he examined 
the important points which arise in the sur- 
vey of boilers and indicated the types of 
deterioration which occur with time in 
service. 

With cylindrical boilers of riveted con- 
struction a number of instances of caustic 
cracking are still evident. It is some twenty 
years ago that attention was drawn to this 
feature® and although the incidences are 
few, they are of great concern, for detection 
can be extremely difficult. This is particu- 
larly so with the longitudinal seams where 
crack propagation proceeds in the shell 
plate masked by the double riveted butt 
straps. Progress is being made with the 
use of ultrasonic testing methods and with 


magnetic crack detection of the bores of 
rivet holes, but the certainty of detection is 
not yet all that could be desired. Undoubt- 
edly intelligent feed water treatment and a 
high standard of workmanship during con- 
struction of the boilers are the best means 
of reducing the probability of the occurence 
of caustic cracking. The latter cannot be 
covered effectively by regulations and is 
largely a matter of adequate inspection 
procedure. The former can be tackled by 
advising users of the most effective methods 
of chemical treatment for boiler waters. 
The reduction of this and other forms of 
corrosion which occur in boilers is receiving 
the attention of a sub-committee set up by 
the British Standards Institution. The first 
report was issued in 1947 under B.S.S. 1170, 
on “Treatment of Water for Marine 
Boilers.” 

Fusion welded joints, of course, overcome 
the problem of caustic cracking, as the 
crevices where the concentration of alkaline 
liquors can occur are eliminated. The sealing 
of riveted seams by light runs of welding 
has long been considered and tried, but a 
danger exists that the high hardness asso- 
ciated with the deposition of small volumes 
of weld metal can lead to cracking. Under 
stress these cracks can propagate into the 
shell plate and cause fracture. Moreover, 
there is a tendency to use electrodes which 
deposit metal of high tensile strength, and 
these are generally more prone to hard 
zone cracking when deposited in small 
amounts, especially if pre or post heating of 
the parent plate is impracticable. Similar 
conditions arise with welded stays and the 
many brackets which may be attached to 
pressure vessels. 

The fusion welding of pressure vessels was 
undertaken by a number of firms at the 
beginning of the century, but early service 
failures retarded progress and developments 
proceeded with caution. In 1934, as a result 
of accumulated information and experience, 
Lloyd’s Register of Shipping issued Tentative 
Requirements for Fusion Welding Pressure 
Vessels Intended for Land Purposes. These 
represented the first comprehensive survey 
procedure published in Europe and did much 
to encourage welded construction of high 
quality. The system was instituted in which 
the construction of vessels to a Class I 
standard was only undertaken by manufac- 
turers who have been specially recognised by 
the Committee. This arrangement has been 
maintained and the preliminary procedure 


requirements aim at ensuring that a firm is . 


properly equipped to undertake the work, is 
sufficiently experienced and exerts adequate 
controls and supervision over all the phases 
concerned. In this way a firm is able to 
cope with difficulties which inevitably arise 
in production and maintains the standard 
without undue pressure from the attending 
surveyors. Although some firms have spent 
several years before gaining approval, the 
soundness of the policy has been proved to 
them in later manufacture. 


The fatigue testing of welds plays an 
important part in the preliminary procedure, 
as it discerns between welds of good and 
indifferent qualities. As such there is little 
need to specify minimum requirements, for 
the results are usually self-evident. In 1935 
the fatigue testing of welded pressure vessels 
was suggested as a means of assessing the 
strength of particular types.*® This was not 
intended as a particular requirement, but to 
bring to the notice of manufacturers care in 
design and the avoidance of detrimental 
stress concentrations arising at openings, 
branches, lugs and compensation pieces. 
Some work on these lines has been under- 
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taken and has been supplemented by inyegtj. 
gations employing strain gauge and Similar 
techniques. This has undoubtedly benefites 
the reliability of pressure vessels and pipe. 
lines and is now mooted as a requirement for 
each type of pressurised aircraft structure, 
Mild steel pressure vessels constructed to 
Class I standard of fusion welding haye 
proved to be almost immune to failure jp 


‘service. As a result the problem of brittle 


fracture is not so serious as in other fabyj. 
cated structures. This is due mainly to the 
extreme care exercised in the construction 
finishing and proving of the Class I vessels 
as well as judicious selection of safe working 
stresses and efficient heat-treatment follow. 
ing the completion of the welding. Despite 
this record, isolated failures have occurred in 
vessels built to less severe standards and com. 
placency would be folly. Most welding 
codes therefore contain clauses which relate 
to the minimum notched impact level the 
parent plate shall display when tested at the 
lowest design temperature. This constitutes 
an extension of practice which has been in 
force for the testing of the material of certain 
portable pressure vessels and those subjected 
to explosive forces. In these instances, how- 
ever, the working stresses are high for both 
economic and weight-saving purposes. More- 
over, heat-treated alloy steels are frequently 
used for the construction of these com- 
ponents and the yield ratios exceed 65 per 
cent. 

The low temperature impact test as applied 
to the material of fusion welded pressure 
vessels, intended for stationary plant as well 
as for portable storage vessels, raises a number 
of problems. Some codes also require that 
similar tests should be made on the weld 
metal and fusion zone, which appears logical. 
Nevertheless, the lower the service tempera- 
ture the more costly are the alloy steels 
necessary to meet these requirements. For 
example, at —150 deg. Cent. a stabilised 
18/10 austenitic steel appears to be the most 
suitable material. On the other hand, in 
refrigeration applications the low operating 
temperatures are usually associated with low 
working pressures and departure from mild 
steel which could be regarded as displaying 
inadequate notched toughness is not neces- 
sarily warranted. It would appear, therefore, 
that at the present time the selection of steels 
for pressure vessels operating at low tempera- 
tures must be related to the other conditions 
of service. 

The high temperature properties of welds 
have not yet been evaluated and much work 
remains to be done on the most efficient type 
of post welding heat-treatment. This applies 
in particular to the joints of main steam pipes. 
Both long- and short-term high temperature 
characteristics must be considered for the 
technique which results in the best long- 
duration creep properties may not provide 
the most efficient welded joint. 


CONCLUSION 


Over the last century the growth of Rules 
and Regulations which govern the important 
aspects of the safe design and operation of 
engineering components has been accom- 
panied by a general change in attitude 
towards their merits by both manufacturers 
and users. Since minimum requirements 
are specified, users were concerned that 
quality would suffer and high-grade manu- 
facturers would disappear. This has not 
been the case for the firms who built up 
reputations of excellence maintained that 
standard whilst the few indifferent manufac- 
turers improved their techniques to meet the 
imposed conditions. Since a manufacturer’s 
reputation also depended on the reliability 
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of product they not only accepted the require- 
nts of Rules, but in many instances 
su Jemented them by their own additional 
proving tests and established research depart- 
ments Which, in many instances, strove to 
enhance the reliability of the products and 
impart this feature in new designs. At the 
resent time many manufacturers have 
established their own detailed specifications 
which are much more comprehensive than 
those of classification societies, national 
standards and other recognised bodies. 


Fifty-four years ago the British Standards 
Institution was founded. Its initial object 
was to promote economy and _ increase 
output by reducing the unnecessarily diverse 
types of sectional material for given engineer- 
ing work. Remarkable achievements were 
soon evident as a result of the endeavours of 
the sectional committee. Standardisation, 
which aims at economical production and 
use of material, inevitably becomes involved 
with the design and safe operation of the 
components concerned. The formulation 
of standards of design, as in all other cases, 
is the function of committees which com- 
prise members who represent the opinions 
of all concerned with the design, manufacture 
and operation of the components concerned. 
The importance of obtaining wide opinion 
of standards and Rules before these are 
introduced and enforced is obvious. 

The technical institutions of this country 
have played a most vital part in this respect, 
as they have not only advised and promoted 
research on particular problems, but have 
provided the means for free discussion of the 
requirements. Of equal importance in this 
respect is the technical press, which is some- 
times able to present a different approach 
based on the previously published data and 
the opinions of readers. THE ENGINEER can 
be justly proud of the part it has played over 
the century in this respect alone. In addition, 
the publication and explanation of failures 
which have occurred in service has dispelled 
much of the unjustified prejudice levied 
against essential safety regulations. 
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Municipal Services 


By SIR HERBERT MANZONI, C.B.E., M.I.C.E.* 


UNICIPALITIES in a democratic coun- 

try reflect the wishes of the people in a 
local community and it follows that municipal 
services are concerned with the local require- 
ments of aggregations of people living in a 
city, town or village, that is in urban con- 
ditions, and these requirements are principally 
of a domestic character. 

Many years ago the two principal require- 
ments of communities were sustenance and 
security—the former could be, and was, 
provided mainly by private individual effort, 
but the latter was achieved by the construc- 
tion of a fence or city wall which, in those 
days, was probably the most common 
element of municipal engineering. 

The function of defence in the civilised 
world has passed from a local to a national 
problem because of the growth of popula- 
tions and increased mobility, and although 
sustenance remains a local need the changed 
occupation of the people living in urban 
areas has required that it be provided by a 
completely different organisation. 

These two local requirements have passed 
from the range of municipal services, but 
many more have taken their place; they 
include a variety of social, cultural, and 
amenity services, public health services, 
power supply and transport, and certain 
security services such as police and _ fire 
protection. They even vary with different 
types of urban community, for example, 
the specialised propaganda services in holi- 
day resorts, whilst some municipal authorities 
have individual and unique services such as 
the municipal telephone service in Hull or, 
in Birmingham, the Municipal Bank and the 
Physical Research Laboratories. 

The services concerned principally with 
engineering have been public health, power 
supply and transport, and although the re- 
quirements of all three have been met to 
some extent by private companies the market 
for their products has been the larger aggre- 
gations of people in the towns and cities. 
In more recent years all three have come 
more and more under the direct supply 
of municipalities whilst the most recent 
change has been a transfer of power supply 
to national boards and almost, although not 
quite, a similar transfer of certain aspects of 
transport—the ownership and operation of 
the vehicles. 

In the category of public health are many 
services of an engineering character, water 
supply, drainage and sewerage, sewage 
disposal, refuse disposal and reclamation 
of waste products, bathing establishments, 
the cleansing services, lighting, heating and 
ventilation, and cremation, all of which have 
received impetus in development from the 
direct demands of local authorities. In 
the realm of power supply, the provision 
of gas and electricity are the major items, 
whilst the principal contribution of municipal 
enterprise to transport services is the develop- 
ment of roads, which for many years has been 
the sole province of municipal authorities. 

During the last 100 years development 
and progress in all these services has been 
rapid and spectacular and it is possible to 
point to many examples of scientific and 
engineering discovery arising directly from 
them. A brief review of two of the most 
extensive and important will serve to illustrate 
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the influence of municipal requirements and 
activities upon the development of engineer- 
ing science. 

WATER SUPPLY 

The value of a pure water supply was 
recognised even in ancient times—Rome, 
Jerusalem, &c.—but throughout the Middle 
Ages conditions were very bad and were 
one cause of the high death-rate and terrible 
epidemics that occurred. There were excep- 
tions. Hull was empowered by Royal 
Charter as long ago as 1447 to supply water, 
while Plymouth’s first water Act dates from 
1585. This, incidentally, was a civic venture 
of Sir Francis Drake. London’s New River 
Scheme, completed in 1613 by Sir Hugh 
Myddelton, was another of these early 
schemes. 

Much development in the early nineteenth 
century was carried out by private enterprise. 
Gradually, however, municipalities extended 
their activities and in many cases took over 
the water companies. All this development 
remained haphazard and was quite unco- 
ordinated. Even as late as 1939 over 1100 
undertakings existed, of which 80 per cent 
were municipalities, either singly or in com- 
bination, and the remainder statutory com- 
panies. Some twenty-six large undertakings 
then supplied 50 per cent of the population. 
The Water Act, 1945, and other legislation 
concerned with setting up Joint Boards and 
a Central Advisory Water Committee re- 
sulted in more co-ordination in the industry, 
and there are now sixty-five water boards and 
107 statutory water companies, while the 
number of municipal undertakings has been 
greatly reduced. 

The rapid growth of cities caused increasing 
pollution of rivers. In fact, increasing 
industrialisation led not only to increasing 
demands for water, but contributed at the 
same time to the pollution of its more con- 
venient sources ! Water engineers had either 
to seek supplies from upland catchments, 
which posed many engineering problems in 
connection with impounding schemes and 
with carrying water long distances across 
hilly country ; or where river-derived sup- 
plies were continued they had imposed upon 
them an increasing burden of engineering 
problems to solve in the design of treatment 
plant. 

The Metropolitan Water Board, probably 
the largest water undertaking in the world, is 
the outstanding example of the latter method 
of supply, some 85 per cent of the 325 million 
gallons supplied daily being drawn from the 
River Thames and the River Lee. Annual 
revenue expenditure of the Board alone 
amounts to about £7,000,000, exclusive of 
loan and rate charges. 

Rural electrification with the obvious 
advantage of allowing automatic control of 
pumping paved the way to improvements in 
rural areas, while Government assistance 
and legislation provided further stimulation 
and between 1951-54 grants amounting to 
about £7,000,000 were made. 

The growth of expenditure on water supply 
emphasises the progress made, and since 
1880 annual maintenance costs have in- 
creased from less than £1,000,000 to over 
£30,000,000, while the total annual expendi- 
ture is now estimated to be some £50,000,000 
per annum. The stimulus to civil engineers 
and contractors designing and building dams, 
aqueducts and treatment plant, and to mech- 
anical and electrical engineers making power 
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plant, pumping plant, &c., has been profound. 

The total storage capacity of the industry 
expanded from 119,100 to 304,700 million 
gallons between 1929 and 1953, and supplies 
continue to increase. It is now estimated 
that about 95 per cent of the population of 
England and Wales has piped water supply, 
compared with some 60 per cent in the 
U.S.A. and 50 per cent in France. 

Among authorities who take their supply 
from distant sources the following are 
particularly notable :— 


106 miles (the Lake District) ... 
73 miles (Wales) 

68 miles (Wales) 

47 miles (Wales) 

34 miles (Southern Uplands) ... 
30 miles (Wales) 

26 miles (Trossachs)... ... ... 
25 miles (Grampians) 


A capital expenditure of £74,000,000 gives 
an idea of the magnitude of the problems 
involved in supplying water to about 
6,500,000 people by these authorities. 

Apart from the more spectacular problems 
of aqueducts and reservoirs, other no less 
important ones arise with filtration and 
kindred problems, and with biological 
control and prevention of corrosion. Since 
1939 consumption has risen from about 40 
gallons per head daily to nearly 50 gallons, 
although this is still only about. one-third 
of the consumption in the U.S.A. Of this 
estimated consumption some 25-30 gallons is 
in respect of domestic demand and the 
remainder industrial. It is estimated that 
about 2000 million gallons are now supplied 
daily, which is about 3 per cent of the total 
river flow in this country. 

The examples of two large provincial 


water supply establishments will serve to 
illustrate the present position. 


GLASGOW 


Last year, 1955, Glasgow celebrated 
the centenary of its municipal water scheme 
at Loch Katrine, the first for the supply of 
water from a distant upland source. The 
scheme authorised in 1855—the year before 
THE ENGINEER was founded—was inaugu- 
tated in 1859, by Queen Victoria. Its cost, 
was about £920,000. The level of Loch 
Katrine was raised 4ft by a dam and 
arrangements were made to draw off 
water to a depth of 7ft, giving a storage 
capacity of nearly 5700 million gallons. 
The levels of two other lochs were raised 
to provide compensation water. The 
supply was carried by an 8ft aqueduct 
nearly 26 miles in length, with a capacity of 
40,000,000 gallons daily, to a storage reser- 
voir 8 miles from the city. With the rapid 
growth of the city this supply soon became 
inadequate, and in the 1880s a second 
aqueduct was commenced, the level of Loch 
Katrine was raised an additional Sft, and the 
smaller Loch Arklet capacity 2,702,000,000 
gallons above Loch Katrine was impounded 
to give additional supplies. In 1919 a start 
was made on raising again by 5ft the level 
of Loch Katrine. 

The city can now draw off the top water 
level to a depth of 17ft, and the two aqueducts 
will carry a maximum of 110,000,000 gallons 
daily for which, however, the total reserve 
storage of 16,914,000,000 gallons is hardly 
adequate. Loch Katrine with a top water 
level of 377-92ft O.D. is some 8 miles long 
and at its widest point a mile wide. Its 
depth runs to hundreds of feet—the bottom 
is actually below sea level at its greatest 
depth—so that the activities of the corpora- 
tion do not seriously alter its natural state. 

The original aqueduct consists of 13 miles of 
tunnel and 9 miles of cut and cover at a gradi- 


ent of 10in to the mile. The very wild character 
of the country to be crossed presented many 
difficulties, the first 10 miles, particularly, 
consisting of primary rocks which in those 
days were blasted with gunpowder. Narrow 
gorges were crossed by aqueduct bridges but 
nearly 4 miles of wider and deeper valleys 
were crossed by wrought iron conduits and 
cast iron anti-siphon pipes. In all there 
were 80 tunnels, some very short and the 
longest a mile and a half in length. 

In 1846 the Gorbals water company had im- 
pounded the waters of a burn to the south of 
the city and constructed four connected 
reservoirs with a storage capacity of some 
1,058,000,000 gallons and supplied the city 
south of the Clyde. This was the only supply 
taken over by the corporation which was 
continued in use and it still helps to serve a 
population of some 125,000. 


ities, P 
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suitable to its ultimate incorporation with : 
dam. This branch tunnel could then }, 
used as a discharge or stream diversion tunne| 
during construction of a dam. 

The cost is estimated at about £609 
and after subtraction of additional compen. 
sation water the scheme will yield not less 
than 7-2 million gallons daily. A start op 
the construction of the tunnel has now bee, 
made. 


BIRMINGHAM 


Commencing in 1892 Birmingham acquired 
land in Wales in the Upper Elan Valley anq 
the Claerwen, over 45,000 acres in exten 
The construction of three reservoirs on the 
Elan and three on the Claerwen was ep. 
visaged, with an aqueduct to Birmingham 
and a receiving reservoir and ancillary works 
The three Elan reservoirs were completed 


Claerwen dam and reservoir 


By 1919 daily consumption had reached 
nearly 82,000,000 gallons, and in 1915 the 
corporation had obtained powers to develop 
the resources of Glen Finglas by means of 
a mass concrete dam 114ft high and about 
800ft long with a top water level of 515ft O.D. 
to give a storage capacity of 3,500,000,000 
gallons to supply 20,000,000 gallons daily to 
Loch Katrine through an 8ft diameter tunnel 
aqueduct 2} miles in length. Work on this 
proposal was postponed and between the wars 
consumption at first declined. More recently, 
however, it has steadily increased again 
reaching 87,400,000 gallons daily in 1953-54 
and 90,200,000 in 1954-55 and the scheme 
had to be reconsidered. It was estimated 
in 1951 that the cost of completing the project 
would be £2,500,000, but approval has been 
obtained to a modified scheme consisting 
of the tunnel aqueduct, designed to form 
part of the complete scheme should that 
become necessary, and a low, fully automatic, 
intake weir of about 10ft which will abstract 
the flow over and above 10,000,000 gallons to 
a maximum of 70,000,000 gallons daily. This 
weir will be sited sufficiently far upstream 
of the proposed dam site to obviate hindrance 
should the dam be required later. A branch 
tunnel leading from the intake weir will be 
driven to the mouth of the tunnel aqueduct 
which will be sited at a position, line and level 


in 1904 with a combined capacity of 
11,175 million gallons. 

The construction of the Claerwen dam, 
instead of the three dams originally proposed, 


. was commenced in 1946 and completed in 


1952. The water impounded forms a reser- 
voir about 4 miles long with a capacity 
of 10,625 million gallons. Approximately 94 
miles of road were also provided as access 
up the Claerwen Valley. 

Caban Coch, the lowest of the three Elan 
dams, is 122ft high from stream bed to crest 
level and 610ft long, with a spillweir of 
566ft. Stone for concrete for its construction 
was obtained from an adjoining quarry. 
The Caban reservoir has a capacity of 7815 
million gallons. A feature of this reservoir 
is the submerged dam at Careg-Ddu, 40ft 
below top water level, the purpose of which 
is to maintain the water in its upstream side 
at a level sufficient to charge the inlet to the 
aqueduct allowing at the same time com- 
pensation water to be drawn from the down- 
stream side. A viaduct carried on piers 
crosses the reservoir at this dam. The water 
level of the upstream side can be maintained 
by discharging water from the two higher 
reservoirs and by water drawn from the 
Claerwen reservoir through a tunnel driven 
through the hill. The two other Elan dams 
are Pen-y-gareg, 123ft high and 528ft long, 
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and Craig Gogh, which is curved in shape, 

120ft high and 513ft long. On Pen-y-gareg 

a central valve tower contains the apparatus 

for controlling flow to the Caban reservoir, 

to which access is obtained through a narrow 
ley formed in the dam. 

The aqueduct, 734 miles long, has a total 
fall of 169ft. Almost exactly one-half is 
either tunnel or cut-and-cover construction, 
with a capacity of 75,000,000 gallons daily. 
The remainder consists of inverted siphons 
laid across the larger valleys, comprising 
three pipelines, two of cast iron pipes 42in 
diameter and one of concrete-lined steel 
pipes, 60in external diameter. In 1949 work 
was commenced on laying a further 60in 
diameter main which, when completed, will 
increase the capacity of the siphon sections 
to that of the remainder of the aqueduct. 
There are eleven siphons across the larger 
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under the remaining arches to allow the 
normal flow of the river to fall down: the face 
of the dam which in this portion is constructed 
in a series of steps between- substantial 
buttresses. The flow is guided by training 
walls at the foot of the dam into a stilling 
pool and gauge basin and then into the 
original river course. Two main discharge 
pipes, each with two outlet branches from the 
reservoir release the water when required, 
with the control valves in two valve chambers 
at the foot of the dam on either side of the 
central spillway. 


SEWAGE DISPOSAL 


The discovery in the nineteenth century 
that sewage harboured the causative agents 
of such diseases as cholera and typhoid fever 
brought the problem of disposal to the fore- 
front. Sir Robert Rawlinson, .M.I.C.E.— 


Aerial view of Mogden purification works 


valleys, that across the Severn Valley being 
174 miles long, five river crossings by bridge, 
of which the one across the Severn is 624ft 
long and one railway crossing. Not included 
in the original scheme are thirty roughening 
filters, covering an area of 2} acres,, com- 
posed of coarse sand in layers of graded 
gravel installed to prevent the deposit of 
finely divided peat in the aqueduct. These 
are at the lower end of the short inflow 
tunnel from the Caban reservoir. After 
filtration lime is added. Two _ power- 
houses at the foot of Caban Coch generate 
power by turbines driven by the compensa- 
tion water with two 160kVA turbo-generating 
sets. Surplus power is sold to the South 
Wales Electricity Board. 

The Claerwen dam, curved in plan, with the 
overflow in the central portion, is 184ft high 
from stream bed to crest and has an overall 
length of 1166ft. It is one of the major dam 
projects completed in this country in recent 
years. The roadway across has a 12ft 
carriageway with two footpaths and is carried 
on thirteen arches, six of 40ft clear span 
on either side of a central span of 60ft. 
The body of the dam is of concrete and the 
downstream face, the arches of the viaduct, 
and the upper portion of the upstream side, 
are of rock faced masonry. The crest level 
under the central arch is 6in lower than that 


perhaps the first public health engineer— 
who became Superintending Inspector of the 
General Board of Health in 1848, then pro- 
duced the factual analysis of the sanitary 
conditions of many communities, essential 
before remedies could be applied. Much 
attention was also drawn to the problem by 
the publication in America in 1888 of the 
results of experiments in Massachusetts 
and by subsequent annual reports. Par- 
ticular progress was made in England in 
chemical and bacterial processes to deal 
with the heavy industrial pollution of the 
comparatively small rivers. The Iddesleigh 
Commission, set up in 1898, issued four 
detailed reports, which received world-wide 
attention and greatly stimulated activity. 
Although an earlier Commission had recom- 
mended land treatment, the unsuitability of 
much land for this purpose was now recog- 
nised and alternative methods were listed of 
treatment by artificial processes. 

British practice since has been based 
largely on the recommendations of this 
Commission with allowances for changed 
conditions, such as increased water Consump- 
tion, increased quantities and complexities 
of trade wastes, larger urban areas, and the 
introduction of activated sludge processes. 
Returns based on uniform records, first 
obtained in 1930 from a limited number of 
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authorities, disclosed wide variations in costs 
and in volume of sewage treated, ranging 
from 15 to 100 gallons per head per day, 
depending on local circumstances. They 
showed methods of treatment varying from 
land treatment only, to full treatment at a 
few works. Most, however, used tank treat- 
ment with filtration and land treatment. 
Recent years have seen the extension of 
services to rural areas and the growth of 
more comprehensive schemes involving 
several authorities, and by 1954 there were 
twenty-nine joint sewerage boards existing, 
as well as nearly 700 local authorities with 
responsibility for sewage disposal. In 1936 
the opening of the Mogden works resulted 
in the abolition of twenty-eight existing 
works, and in 1937 the setting up of the 
Colne Valley Sewerage Board, substituted 
ultimately one disposal works for twenty-two 
previously existing ones in Hertfordshire. 
Among other examples, Manchester takes 
the sewage from eight other authorities, 
Leeds from seven and Croydon from six. 
Joint schemes of this kind have resulted in 
many thousands of acres of land being 
released for other purposes. They have also 
encouraged advances in sewage works prac- 
tice by making it possible to adopt advanced 
methods of treatment. Probably, too, this 
trend towards treating sewage in large plants 
serving wide areas has arisen owing to the 
difficulty of treating increased quantities of 
difficult trade wastes in other than large 
plants justifying the employment of skilled 
staffs. 

Sewage disposal in rural areas has been 
stimulated by legislation and Government 
assistance and rural schemes to a value of 
well over £30,000,000 have been approved 
since the war. 

Modern methods, with screening, sedi- 
mentation, biological treatment, filtration 
and sludge disposal and increasing mechanisa- 
tion, have set problems to the solving of 
which the skill and ingenuity of engineers have 
materially contributed. 

Methods of sludge disposal in particular 
have been revolutionised during this century. 
The West Kent Sewerage Board and the Colne 
Valley Sewerage Board have recently in- 
stalled comprehensive plants involving chemi- 
cal conditioning followed by vacuum filtra- 
tion and heat drying of which it is estimated 
the probable cost will work out at about 
£15-£20 per ton. It is worth mentioning 
that the first sludge digestion plant was 
operated in Birmingham in 1910; the 
first closed tanks were used in America about 
1920. Progress, however, has always been 
handicapped by lack of basic information 
on costs. Figures collected for a few years 
from some authorities were far from com- 
prehensive and were discontinued. 


A working party was set up in 1949 to 
investigate the treatment and disposal of 
sewage sludge and to put on record the latest 
practices in use. The report issued points 
out that the sewage from about 6,000,000 
people is drained to the sea, and that from 
some 4,000,000 to 5,000,000, in rural areas, 
does not enter sewers, leaving some 32,000,000 
to 33,000,000 whose sewage drains to works. 
It estimates that some 16,000,000 wet tons 
are dealt with annually, producing about 
800,000 tons of dry solids, of which nearly 
a half are used on land. It seems that a 
greater use of sludge as fertiliser could well 
be made, and a wider utilisation of methane 
gas from sludge digestion could certainly 
be made thus saving many thousands of 
tons of coal. The fact that methane is given 
off during sludge digestion and can be and 
has been used as a fuel may provide a field 
of use for gas turbines. 
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The overloading of sewage plant has been 
a predominant feature since the war, for 
reasons over which local authorities have 
not had complete control, but where it is 
operated without over-loading it is very 
successful and up to 98 per cent of the im- 
purity load is removed before discharge 
of the effluent. 


MOGDEN DISPOSAL WORKS 


The Mogden disposal works of Middlesex, 
which were opened in 1936, is the largest 
complete treatment plant outside the United 
States of America. The cost of the under- 
taking, including 70 miles of main trunk 
sewers up to 12ft 9in in diameter, was 
£5,500,000. Of 150 acres of land acquired for 
the works, 70 acres are reserved for plant and 
45 acres occupied, allowing for duplication, 
if necessary. The population of the district 
had doubled between 1921-36 and now 
amounts to 1,400,000 in an area of over 162 
square miles. Some 1000 acres of land have 
been released through closing twenty-eight 
existing plants. To produce a high standard 
of effluent complete component units were 
installed, including coarse and medium 
screens with macerating plant, grit chambers 
with dredging and washing plant, separating 
weir for storm water in excess of three times 
the dry weather flow, primary and secondary 
sedimentation tanks, aeration for full treat- 
ment by the activated sludge process, final 
separating tanks, storm water tanks and 
sludge digestion plant. 

Some units, uneconomical to construct in 
modified form, were built large enough to 
serve the estimated ultimate population of 
2,000,000. The main sewage pumping 
station, screening plant, grit channels and 
storm water tanks were so provided particu- 
larly as it was considered that the wet 
weather flow might reach the ultimate 
maximum of 575 million gallons per day for 
which sewers were being constructed. The 
grit chambers provided the first example in 
the world of the constant-velocity flume- 
controlled parabolic type. To handle the 
maximum flow six chambers were con- 


structed, each preceded by coarse and 
medium screens, thus forming a battery of 
units which can be brought into use to accord 
with the rate of flow. Two-stage sedimenta- 
tion is used with a total detention period of 
six hours. Eight circular primary sedimenta- 
tion tanks of 95ft diameter are provided and 
four secondary tanks, the latter being 
approximately 200ft by 150ft, divided longi- 
tudinally into two bays, 75ft by 200ft. 

The activated sludge plant includes two 
batteries of aeration units, each of six units 
of four channels, 400ft by 15ft and 12ft deep, 
giving an approximate period of eight hours ; 
two units of each battery can be used for re- 
activation of return sludge. Final separating 
tanks effect the physical process of settle- 
ment and separation of the activated sludge 
from the purified effluent. Circular upward- 
flow tanks, 60ft diameter, were provided in 
two batteries of twenty tanks, each located 
conveniently in relation to a corresponding 
battery of aeration tanks. Supplementary 
plant consisting of one-half of a third battery 
with three aeration tanks and twelve final 
tanks is now in use. Sludge is withdrawn 
through inspection chambers to a con- 
veniently sited return sludge pumping station. 
The purified effluent is discharged into a 
main effluent culvert, 15ft wide by 14ft high, 
to the effluent down shafts at the north-east 
corner of the works. 

The storm water tanks are in two batteries, 
each of four tanks, 150ft wide by 230ft long, 
divided into two bays with an average water 
depth of 12ft. Machine cleaning, although 
never previously applied to storm water 
tanks, was adopted as the only practicable 
solution in the particular circumstances. 

Owing to limitations of the site primary 
sludge digestion only is carried out at 
Mogden. There are twelve digestion tanks 
with a total capacity of 10,000,000 gallons, 
from which the gas production is 1,500,000 
cubic feet per day. This is used to provide 
the gge requirements of the whole of the 
works amounting to the equivalent of 
25,000,000 units of electricity per annum, as 
well as to supply heat for buildings and fuel 
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for transport. After primary digestion 
sludge is pumped through 12in mains to the 
Perry Oaks works, 7 miles away. 

The Perry Oaks site covers an area of 175 
acres. To meet objections from the Metro. 
politan Water Board the subsoil water js 
isolated by a clay puddle trench surrounding 
the whole area and keyed into the London 
clay beneath. The works include secondary 
digestion plant with a tank capacity of 
40,000,000 gallons, partly in ten circular 
tanks, each 100ft in diameter with a side 
water depth of 30ft and partly in open tanks, 
of earth bank construction of 12ft in depth, 
The 74 acres of sludge drying beds are 
divided into ninety plots, each 300ft long 
by 120ft wide, arranged in six large blocks, 

The treated effluent from Mogden is dis. 
charged to the River Thames, about 3} mile 
away. Two outfalls of 11ft diameter were 
driven through London clay at a depth of 
50ft below the surface in the form of inverted 
siphons. Each outfall terminates in two 
main shafts in an island known as Isleworth 
Ait. From each of the four shafts three 6ft 
outlet tunnels are driven out from the bank 
and terminate in a vertical shaft sunk from 
the bed of the river. 

A very great improvement in river con- 
ditions was brought about immediately the 
new undertaking came into operation in the 
early months of 1936. The effluent dis- 
charged from the works has been of such 
high quality that fish have been found to 
thrive, even in the outlet conduits themselves, 

The consulting engineers and principal 
contractors for the more recently carried out 
works, mentioned in this article, are listed 
below :— 

Glasgow Water Supply, under the direction 
of Mr. S.D. Canvin, chief engineer and general 
manager, the Water Department, Glasgow 
Corporation ; principal contractors, A. A. 
Stuart and Sons (Glasgow), Ltd. Claerwen 
Dam, consulting engineers, Sir William 
Halcrow and Partners ; principal contractors, 
Edmund Nuttall, Sons and Co., Ltd. Mogden 
Disposal Works, consulting engineers, J. D. 
and D. M. Watson. 





INFLUENCES ON ENGINEERING ADVANCEMENT 1856—1956 


Part VI—Modern Products 


This survey of the influences acting over 100 years to promote engineering advances, opened with 
an article on the “ State of the Art and Science in 1856.”” Logically it should conclude with a study of 
the State of the Art and Science in 1956. But who, living to-day, could write it? At the time of the 
Renaissance there lived Leonardo da Vinci, a master of science, of engineering, and of the arts, broadly 
of all human knowledge. A hundred years ago there may have lived at least some men who could 
have performed adequately the difficult task of contemplating the whole art and science of engineering 
as practised in their own day. To-day to look for an author to undertake such a task would be to cry 
for the moon! The best that can be done in the few remaining pages is to offer some pictures of 
modern engineering equipment and modern engineering products. The selection is necessarily 
inadequate. So vast is the scale of engineering endeavour that were every page of this Number given 
over to such illustrations an incomplete conception would still be conveyed of the work undertaken 
by engineers. But we attempt pictorially to show how the advancement of engineering is promoted 
by education and by research ; how the products of engineering skill are based upon the working 
of raw materials and the development of power ; what some of those products are ; and finally, by 
illustrating a living room, to suggest that the ultimate objective of the labours of engineers, however 
much their immediate job lies in the production of turbines or engines, docks or dams, ships or air- 
craft, is to make their own and everybody-else’s lives happier, broader and more secure. 


This picture of the new hydraulics laboratory at Sheffield University serves to represent not only 
the contribution of education and the development of theory to the advancement of engineering, but 
also the contribution of research. The laboratory contains a wave tank 30 ft. by 26 ft. 6 in. by 
3 ft. deep and an open channel 3 ft. 6 in. wide by 3 ft. deep by 50 ft. long besides other equip- 
ment for students’ use. A research is being conducted in channels of variable cross-section. Since 
the building in which this laboratory is situated is a new one, the picture also serves to represent 
that very active extension of facilities for technological education which is going on at almost every 
university in this country. 
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Swan Village Gasworks, here illustrated, represents 
the contribution that gas makes to civilised life. The 
public supply of gas began long before that of electricity 
and for a century it was unmatched as a source of 
illumination. In that field it has since had to yield 
supremacy to electricity. But in the house it is fully 
competitive for heating, cooking and refrigerating; and 
in industry it very much retains its own field of usefulness, 
besides others in which it competes with electricity and 
with alternative fuels. The retort house of the new 
Swan Village Gasworks at Birmingham is a typical 
example of the clean design of modern gas works buildings. 
In this view of the rear of the retort house there can also 
be seen the wagon tipplers supplying the plant and, in 
the background, the coke screening plant. In the retort 
house there are four benches of Woodall-Duckham 
continuous vertical retorts, and the installation includes 
complete coal, coke and ash handling plants, producer 
gas dilution plant, and four waste heat boilers. With a 
throughput of 530 tons of coal a day the installation 
gives a daily output of some 8,500,000 cubic ft. of 
gas at a calorific value of 475 B.Th.U. 


Modern production methods and, indeed, te whole 
lives of civilised peoples are nowadays based ‘ar More 
completely than in 1856 upon the existence of olentiful 
and reliable sources of power and heat. Here we ‘ ilustrate 
Staythorpe power station to represent the cxormoys 
expansion that has taken place in the last 100 vears in 
the generation of power. Eventually there wil be tyo 
similar stations on this site each of 360 MW ., 
There will be three boiler houses each accom: \odating 
six boilers; and each of six turbo-generators vith ij; 
group of three boilers will act as an independ: at unit, 
When commissioned in 1950 the station was ¢ juipped 
with two 60 MW, B.T.H. sets served by four 24 { 
Babcock and Wilcox boilers supplying steam at 900 |b, 
per sq. in. and 900 deg. Fah. 


A hundred years ago mineral oils were hardly known 
and were of no engineering importance. What should 
we do without them to-day? Their most obvious use is 
as fuel. But it is not too much to say that there is 
scarcely an engineering device to-day that could continue 
to run without the lubricants that mineral oils provide. 
Here is illustrated one of the new refineries erected in 
this country since the war. It is the Fawley refinery of 
the Esso petroleum company which came into operation 
in 1951. The output is 6,500,000 tons of petroleum 
products annually including 1,500,000 gallons of petrol 
per day. Post-war activity in building refineries in this 
country has been stimulated by the fact that the United 
States has become a net importer of oil so that Great 
Britain is now more dependent than formerly on 
Middle East sources; and by the post-war need to 
conserve dollars. The Fawley refinery cost £37,500,000 
to build. Every major oil product is manufactured there 
except high octane fuel for aircraft. 
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Coal »roduction, upon which 
this country has primarily 
ed for fuel for well over 
200 years, is now failing to 
equal a rising demand despite 
the opening up of new collieries, 
In its place Britain confidently 
expects to depend upon nuclear 
fuels. Here is illustrated, at a 
fairly early stage in its con- 
struction, Calder Hall station 
which this year — the first full- 
scale nuclear power station in 
the world to do so — will gene- 
rate power for public supply. 
The piles are of the graphite- 
moderated gas-cooled type and 
the output of the station at full 
load will be 92 MW at 11 kV 
from four turbo-alternators. 
Making a reasonable allowance 
for the value of the plutonium 
produced, electrical energy 
should be generated at an all-in 
cost of 0°6d. per unit sent out. 
This favourable figure en- 
couraged the Government, last 
year, to formulate a programme 
for the construction of four 
further nuclear power stations 
to come into use about 1963 and 
yield between 400 MW and 
800 MW, and for a further four 
to come into operation in about 
1965, the total output of the 
eight stations reaching well 
over 1,000 MW. 








Amongst the new materials that have become available to 
engineers within the last century plastics are particularly notable. 
They are notable not only for the range of engineering uses to 
which they can be put but also for the problems set to engineers 
in making plant for their production. One of the newest of these 
materials is Terylene (discovered in 1940 by Mr. J. R. Whinfield, 
assisted by Dr. J. T. Dickson, both of the Calico Printers Associa- 
tion) the large scale manufacture of which was subsequently taken 
up by Imperial Chemical Industries Ltd. Terylene is a pure 
chemical substance synthesised from simple raw materials and the 
manufacturing plant at Wilton, part of which is here illustrated, 
is essentially a chemical and not a textile plant. The particular 
process shown is that of feeding “ chips” of Terylene polymer, 
stored in overhead tanks to melt heads above spinnerets. The 
polymer is melted in the heads and forced out under a pressure 
of about 4,000 Ib. per sq. in. through the spinnerets which are steel 
plates perforated with fine holes. On emerging from the spinnerets 
the streams of molten polymer freeze into filaments which, com- 
bined as a yarn, are wound on to bobbins, in preparation for 
finishing processes. At this stage the yarn is plastic. But by 
drawing it out under carefully controlled temperature conditions 
an end point is reached where the yarn becomes elastic. During 
this separate drawing operation a low degree of twist is inserted 
in the yarn to keep the filaments, which comprise it, from separating. 
The Wilton plant has a designed capacity of 5,000 tons of Terylene 
per annum. This year an extension to the plant will be completed, 
raising output to 10,000 tons a year, and further extensions are 
contemplated. 
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Ours is predominantly a steel age, despite the 
rising importance of certain non-ferrous metals. 
That is why we devote here a whole page to the 
production of iron and steel, the raw material of 
the greater part of the engineering industries. But 
this concentration of attention upon ferrous materials 
should not be taken to suggest a lack of recognition 
of the importance of other materials, notably 
aluminium, magnesium, copper, lead, tin, zinc and 
nickel, and more recently titanium and the platinum 
group of metals, nor of that of various other materials 
such as molybdenum, manganese and vanadium, 
which alloyed with iron provide engineering materials 
with particularly valuable properties, or of tungsten, 
which has played so notable a part in improving the 
output of machine tools. 


The open hearth furnace is at the Frodingham 
works of the Appleby-Frodingham Steel Co. Ltd. 
It is a 350-ton furnace and is fully instrumented 
and fitted with automatic linkage between roof 
temperature and fuel flow, fuel flow and chimney 
damper control and air/fuel ratio control. 

The rolling mill illustrated is at the works of the 
Park Gate Iron and Steel Co. Ltd. It is part of a 
17-stand continuous-train bar mill. This mill is 
divided into three groups, a 5-stand 16-in. roughing 
train, here shown, a 4-stand 12-in. intermediate 
train and an 8-stand 11-in. finishing train. The 
roughing train has rolls having a body length of 
30 in. carried in fabric bearings for radial load, and 
provided with totally enclosed roller thrust bearings 
mounted independently from the fabric bearing 
chocks and attached to the housing by finger clamps 
for the bottom roll, and caliper grips for the top roll. 
The output of the mill, made by Brightside Foundry 
and Engineering Co. Ltd., naturally varies with the 
product. But for rounds, hexagons and squares of 
¢ in. or above it amounts to 65 tons per hour. 


The blast furnace here illustrated should be taken, 
to represent in general, the reduction of metals from 
ores, the melting furnace be accepted as representa- 
tive of the refining of metals, and the rolling mill be 
thought of as representative of the fabrication of 
metals into various forms, bars, rounds, sections, 
tubes, plates, sheets, etc., ready for use by the 

ineering industries. The blast furnace is at the 


eng 

Appleby-Frodingham works of The United Steel 
Companies Ltd. and has been named “ Queen 
Victoria.” It has a hearth diameter of 28 ft. 6 in. 
and is believed to be the largest furnace in Europe. 
Itis also particularly notable because it operates upon 
a 100 per cent. sinter burden and with blowing 
pressures up to 35 Ib. per sq. in. 
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Handling equipment is not only 
in itself a product of engineering 
skill; its use permits the output of 

effort to be enormously 
magnified. Here to represent its 
yse in the field and in the factory 
we illustrate a crane, an excavator 
and a fork truck. Mobile cranes 
are being used to an increasing 
extent in constructional and other 
work involving the handling of heavy 
joads, owing to their manoeuvrability 
and the speed with which they can 
be moved from site to site. The 
jorry-mounted crane illustrated is 
known as the “ Colossus ” and with 
its capacity of 41 tons at 12 ft. 
radius, it is the largest machine of 
its kind in service. It was designed 
and built by Steels Engineering 
Products Ltd., for Tarslag Ltd., 
and is here shown engaged in bridge 
erection where the main girder 
members handled were up to 76 ft. 
long, and the heaviest weighed 29 
tons. With the crane these girders 
were each unloaded and placed in 
position in about 14 minutes. 


This walking dragline, with a capacity of 20 cu. yd. at 
260 ft. radius and weighing some 1,650 tons, was built by 
Ransomes & Rapier Ltd., to the requirements of Stewarts 
& Lloyds Ltd., for stripping overburden from the iron mines 
in Northamptonshire. The dragline has a tubular steel boom 
282 ft. long of all-welded construction, and this boom has two 
settings at angles of 30 and 35 degrees to the horizontal. 
It is designed for a maximum working radius of 260 ft. with 
a digging depth of 100 ft. and a dumping height of 120 ft. 
At the full working radius the maximum available working 
load of the dragline is 52 tons. The machine is electrically 
operated throughout with Ward-Leonard amplidyne control 
and power is taken at 6,600 V. through two trailing cables. 
In normal operation this dragline removes the equivalent of 
its own weight of overburden every hour. 


During the past few years the fork truck and the use of 
pallets and stillages have revolutionised methods of handling 
and storing in industrial establishments. These trucks are 
now being made in a wide range of sizes and capacities and 
they can be fitted with a selection of attachments to enable 
them to handle goods in practically all forms. A typical 
battery driven electric truck with a hydraulically operated 
load clamping attachment, made by I.T.D. Ltd., is illustrated. 
This truck has a lifting capacity of 2,500 Ib. at 15 in. load 
centre to a height of 9 ft. and it has a travelling speed of 
5} m.p.h. 
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Ships, more so, probably, than anything 
else made by man, call for the exercise of a 
great variety of engineering skills. A ship such 
as the P. and O. liner “ Arcadia,” here 
illustrated, requires to be equipped with the 
range of products and services that people 
expect to find in homes, offices and centres of 
entertainment, in addition to propulsion and 
navigational installations. The “ Arcadia” 
has a gross tonnage of 29,734 and is propelled 
by two sets of double-reduction geared turbines 
developing a total of 34,000 s.h.p. for a service 
speed of 22-5 knots. She was built by John 
Brown and Co. (Clydebank) Ltd., and launched 
in 1953. 


Ships make demands on civil engineers foi 
the construction of harbours. More par- 
ticularly in recent years provision has had 
to be made to accommodate tankers. Here 
is illustrated the oil harbour at Aden built to 
serve the British Petroleum Company’s 
refinery. The harbour is designed for tankers 
up to 32,000 tons deadweight and is dredged 
to a depth of 40 ft. at low water. Two hundred 
and forty acres of reclaimed land lie behind 
a rubble breakwater 4,300 ft. long. Consul- 
tants: Rendel, Palmer and Tritton. Con- 
tractors: harbour, George Wimpey and Co. 
Ltd.; dredging, Dredging and Construction 
Co. Ltd., and K. L. Kalis and Co. Ltd. 


ARCADIA 


The development of the diesel engine to its 
present state of high efficiency and reliability 
could probably not have come about so quickly 
had that kind of engine not proved competitive, 
first with steam reciprocators and later with 
steam turbines, for the propulsion of ships. 
Here we illustrate a typical modern marine 
diesel made by Harland and Wolff Ltd. for 
the passenger and cargo ship “ Dolius ” built 
by the firm for Alfred Holt Ltd. It is a single- 
acting two-stroke opposed-piston engine having 
cylinders of 750 mm. bore and 2,000 mm. 
combined stroke and developing 8800 s.h.p. at 
115 r.p.m. The engine has two exhaust turbo- 
blowers each serving a group of three cylinders. 
Our illustration shows the engine in the test 
bed at the makers’ works. 
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Aircraft make only less varied demands on 
ring skills than do ships. In 
geronautical engineers have advanced rapidly 
engineers’ understanding of the movements of bodies 
through fluids and of fluids around bodies. Addi- 
tionally the combined demands in aircraft for light 
construction and extreme reliability have brought 
about very notable advances in engineering know- 
jedge of the strengths of materials. Unhappy 
though the history of the jet-propelled de Havilland 
“Comet ” has so far been it is so far advanced in 
and conception that no similar jet-propelled 
aircraft has yet gained experience in commercial 
service. Moreover the “ Comets” will fly again. 
Here we illustrate the “‘ Comet III” which can be 
regarded in the light of a development prototype 
for the ‘‘ Comet IV,” twenty of which are on order 
for the British Overseas Airways Corporation. 


The Vickers “ Viscount,” here shown in pro- 
duction, was the first propeller turbine airliner to go 
carried fare 


into service. The original “ 630” i 

paying passengers for the B.E.A.C. in August 1950 
and the “701” started regular B.E.A. service in 
April 1953. It is still the world’s only propeller 
turbine airliner in service and about 100 have been 
delivered to users. The ‘* 700 ” series have an all-up 
weight of 56,000 Ib. and are propelled by four 
Rolls Royce * Dart ” R.Da.3 (Mark 505) engines 
of 1,400 s.h.p. for a cruising speed of just over 
300 m.p.h. Similar engines (Mark 506) give the 
“700 A” of all-up weight 60,000 lb., a cruising 
speed of 321 m.p.h. at 21,500 ft. The “800” 
series craft which will enter B.E.A. service later 
this year is a higher payload version with “‘ Dart ” 
R.Da.6 (Mark 510) engines. The production lines 
shown in the picture are at Vickers Armstrongs 
(Aircraft) Ltd.’s factory at Hurn near Bournemouth. 


Research has been strongly stimulated by aeronau- 
tical needs in many fields. But, in particular, there 
has grown up, with the increasing speeds of aircraft, 
a need for large wind tunnels operating with variable 
density and with speed ranges extending far above 
Mach 1. Here is illustrated under construction part 
of the 8 ft. by 8 ft. supersonic wind tunnel at the 
National Aeronautical Establishment, Bedford. 
The tunnel pressure can be varied between 4 and 0.1 
atmospheres and tests can be undertaken at speeds 
up to Mach 2.7. The multi-bladed axial compressor 
has ten stages and absorbs up to 80,000 h.p. To 
suit the mass flow requirements at certain com- 
pression ratios six stages can be removed and the 
tunnel circuit be re-closed. Up to 80,000 h.p. is 
absorbed. The power is supplied by a 68,000 h.p. 
synchronous motor at a shaft speed of 755 r.p.m. 
and a 12,000 h.p. d.c. motor can be connected 
through a clutch and a step-up gear. Special steel 
plates each 62 ft. long by 8 ft. wide by 1 in. thick 
forming opposite walls of the nozzle section can be 
flexed by hydraulic power to provide any required 
nozzle geometry. 
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In the issues of this journal 100 years ago there are hardly any 
references to electricity save only as a means of transmitting mes- 
sages. Its potentialities were, indeed, undreamed of. Even today, 
particularly in the electronic field, its full capacity to serve man- 
kind remains to be realized. Here we illustrate an electronic digital 
computer made by Ferranti Ltd. and developed from the Manchester 
Universal Electronic Computer installed in Manchester University 
in 1951. Because of high cost, electronic computers have until 
recently been available only to very large organisations. But, as the 
picture reveals, they are now nearing, if they have not already 
arrived at, a stage in their development at which they may be applied 
more generally in industry and commerce for various processes 
involving very rapid computations or analysis of statistical data. 


It was the advent of elec. 
tricity, at least as much as any 
other factor, which led to the 
rapid development of steam 
turbine machinery, without 
which, indeed, the great power 
stations that we know to-day 
would be unthinkable. The 
particular turbo-generators 
illustrated here are installed in 
Agecroft power station. They 
are two-cylinder Metrovick 
sets designed for inlet steam 
conditions of 600 Ib. per sq. in. 
at 850 deg. Fahr. with an out- 
put of 52°5 MW. 


aan 
This country has always been renowned 23) 283 pees 
for its steam locomotives. But during 
more recent years, in keeping with the 
steadily increasing demand for diesel and 
diesel-electric locomotives in all parts 
of the world, British locomotive builders 
have been developing new designs 
to comply with specific requirements. 
Amongst the large number of loco- 
motives of this type which have been 
supplied to countries in the Common- 
wealth is the 1,500 h.p. diesel-electric 
main line locomotive illustrated, which is 
one of ten built for the Queensland 
Government Railways 3 ft. 6 in. gauge 
system. The diesel-electric equipment 
for these “Co-Co” locomotives was 
built by the English Electric Co. Ltd., 
and the mechanical parts by the Vulcan 
Foundry Ltd. These locomotives weigh 
88 tons in working order and have a 
maximum axle loading of 15 tons. They 
have a maximum effort of 50,000 Ib. with 
a continuous tractive effort of 30,000 
Ib. at 12.4 m.p.h. their maximum per- 
missible service speed being 45 m.p.h. 
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A typical example of a general purpose agricultural tractor is the “‘ Major ”, 
which is lustrated here, and which was put into full production by the Ford Motor 
pan) Ltd., in 1951. It represents progress in design to meet the varied 
wiremcnts of mechanised farming. This tractor is produced with a choice of 


one en: ines—diesel, petrol or vaporising oil—all of which were designed specific- 
ally for igricultural work. The engines are four-cylinder units, and in each of 
them use has been made of components common to all three, thereby simplifying 
servicing. With a diesel engine, the tractor has a maximum drawbar horse-power 
of 31°6. The tractor is fitted with a power take-off shaft, a hydraulic lift system, 
and a belt pulley which makes it available for stationary work. The tractor is 
puilt in full-track and half-track models, and a narrow gauge model to enable the 
tractor to work in such places as hop gardens and vineyards. 


There is also illustrated a combined harvester-thresher, or a combine- 
harvester as it is now generally known. The machine shown here is built by The 
International Harvester Co. of Great Britain Ltd. ; it can be driven from the 

take-off shaft of the tractor which hauls it, or, alternatively, by a small 
air-cooled engine mounted on it. Combine-harvesters are usually made with a 
6 ft. or 7 ft. cutting width. Prior to the war, the number in use in this country 
was very small, but it now runs into several thousands. The combine-harvester 
has revolutionised corn-harvesting. 


In recent years, the beet sugar industry has become increasingly important in 
this country. The beet, as they are harvested, are taken for processing to factories 
operated in various parts of this country by The British Sugar Corporation Ltd. 
Since the war nearly £10,000,000 has been expended on modernising and en- 
larging these factories. The interior of part of the King’s Lynn factory is illus- 
trated, looking towards the “ quintuple effect ’ evaporator station, and showing 
vapour distribution pipelines to various other stations. 
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The contributions of civil engineering to engineering advancement have been 
immense. Here we illustrate contributions to transport, to the generation of 
power, and to the disposal of waste. In this country—alas !—highway engineers 
have had few opportunities so far to build roads in keeping with modern traffic 
needs. The picture shows the Crawley by-pass on the London-Brighton road, 
an excellent example of pre-war design. The Owen Falls dam has been chosen 
to illustrate a hydro-electric scheme. It is neither particularly high, at 100 ft., 
nor does it permit the generation of a particularly large amount of power, at an 
ultimate capacity of 150 MW. Bout it illustrates how engineers can help to develop 


hitherto backward countries, in this case Uganda. Consultants, Sir Alexander 
Gibb & Partners, and Kennedy & Donkin ; contractors, Owen Falls Construction 
Co. Ltd. The last picture shows new construction at the London County Council’s 
Northern Outfall works, one of the outfalls of London’s sewage into the Thames 
estuary. A comprehensive reconstruction designed by the Council’s own engineers 
is now being carried out at an estimated cost of £14 million to give a high standard 
of treatment both here and at the Southern Outfall Works on the other side of 
the estuary. Civil contractors at Northern Outfall: Edmund Nuttall Sons & 
Co. (London) Ltd. (primary tanks); Richard Costain Ltd. (diffused air plant), 




















bw 
4 
7 


sz 


SPQAdase 


> 
= 








None o! the things illustrated 
in these jlour pages could be 
made without facilities being 
available for their design. In- 
deed, when writing of engineers, 
yho almost automatically bring 

their pencils whenever an 
idea enters their heads, it is 
only @ slight exaggeration to 
that, were facilities for 
the results on paper not 


1956 and 1956 design has 
hecome progressively a more 
javolved process. It is no 
jonger possible in most works 
for an engineer to make a 
sketch and expect a craftsman 
in the works to build up a 
complete machine from it. 
Instead, to-day, there is in- 
volved in design a great deal of 
precise calculation based upon 
advanced theory and improved 
of the qualities 
of materials. This is the draw- 
ing office in the recently erected 
building at the works 
of C. A. Parsons and Co. Ltd., 
in Newcastle. 
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The immediate concern of most engineers, lies in the design, the operation or the production of engiaeering 
devices, or in educating the young, or in advancing the bounds of engineering knowledge. But the underlying 
purpose of their work is to improve what are expressed as “ living standards.” That term was probably invented by a 
civil servant. For it tends to conceal rather than to reveal what it really means. So to conclude this survey we include 
here a picture of a living-room in a house. The fundamental object of engineers, whether consciously realized or not, is 
to help mankind to live happier, broader, and more secure lives. As it happens, the picture demonstrates in particular the 
contributions made by electricity to that end. It shows G.E.C. electric light fittings, a radio and a television console 
(behind the settee), and there is a room thermostat on the wall by the curtain pelmet, an electric clock and so on. 
But had we chosen to illustrate a kitchen the contribution of gas could have been made just as markedly obvious in 
the presence of a cooker, a refrigerator, a water heater and other equipment. But, in fact, the contributions of en- 
gineers to all the comforts of our homes are much more complete than it might seem from a glance at the picture. 
Clothes, carpets, furniture, textiles, sports gear, kitchen ware, cutlery, nearly everything that we touch and use in life is 
either made by engineers or made by tools that engineers contrived. Even the foods we eat owe much to engineering skill. 
For without mechanical transport they could be less easily distributed, without fertilisers they would be less plentiful, 
and without agricultural machinery neither the seed could be sown nor the harvest gathered so plentifully for all. Statesmen 
and politicians may point to the great social advances that have marked the last 100 years and take credit to themselves 
for them. But they none of them could have been made had not engineers enormously enhanced in that period the output 
of human labour and thus contrived that more of the world’s wealth should be available to everyone. This journal is 
proud to have served so great a profession for a hundred years ; and proud, too, to be admitted to the company of 
those firms, societies and other bodies, many of which are listed overleaf, that have already done the same. 
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CENTENARIANS 


On the occasion of its own Centenary “The Engineer” desires to express its congratulations to all 
those manufacturing and consultant firms, Institutions and Societies, and Journals which have 
already celebrated theirs. A list of them is printed on this page. We wish we could believe that 
list exhaustive. But carefully though it has been compiled from a variety of sources, we feel no 
confidence upon the point. We hope any omission will be pointed out to us so that we can both 
apologise and make amends in coming numbers of our ordinary issues. 


MANUFACTURING AND CONSULTANT FIRMS 


Marsh Brothers and Co. Ltd. 

Merryweather and Sons Ltd. 

John Taylor and Co. 

W. and T. Avery Ltd. 

Rotherham and Sons Ltd. 

Fawcett Preston and Co. Ltd. 

Peter Stubs Ltd. 

Daniel Doncaster and Son Ltd. 

Haywards Ltd. 

Ransomes, Sims and Jefferies Ltd. 

Sir James Laing and Sons Ltd. 

Meynell and Sons Ltd. 

J. Samuel White and Company Ltd. 

The Bryan Donkin Company Ltd. 

John Crown and Sons Ltd. © 

Hardy and Padmore Ltd. 

Parkinson and Cowan Ltd. 

Thomas Smith and Sons (Rodley) Ltd. 

Robert Riley Ltd. 

R. Hunt and Co. Ltd. 

Fraser and Fraser Ltd. 

Foster, Yates and Thom Ltd. 

Samuel Platt Ltd. 

J. Stone and Co. (Deptford) Ltd. 

George Cohen Sons and Company Ltd. 

Jas. Allan Snr. and Son Ltd. 

Thos. Firth and John Brown Ltd. 

Blairs Ltd. 

N. Hingley and Sons Ltd. 

Rendel, Palmer and Tritton 

Andrew Barclay, Sons and Co. Ltd. 

The Mirrlees Watson Co. Ltd. 

Hopkinsons Ltd. 

The Midland Iron Co. Ltd. 

The Telegraph Construction and 
Maintenance Co. Ltd. 

Smith Bros. and Co. (Hyson) Ltd. 

John Laing and Son Ltd. 

Gwynnes Pumps Ltd. 

Exors. of James Mills Ltd. 

W. C. Holmes and Co. Ltd. 

John Shaw and Sons (Salford) Ltd. 

Thompson and Southwick Ltd. 

Belliss and Morcom Ltd. 

Brookes and Adams Ltd. 

W. F. Stanley and Co. Ltd. 

James Howden and Co. Ltd. 

Joseph Sankey and Sons Ltd. 

Robert Dempster and Sons Ltd. 

(January) Fodens Ltd. 

(January) The Morgan Crucible 

Company Ltd. 


1640 
1700 


1750 
1750 
1759 
1774 
1779 
1785 
1790 
1793 
1799 
1801 
1805 
1808 
1813 
1819 
1820 
1822 
1825 
1825 
1829 
1830 
1832 
1835 
1836 
1837 


1838 
1838 
1840 
1840 
1844 
1844 
1845 
1846 
1848 
1848 
1850 
1850 
1850 
1850 
1851 
1852 
1853 
1854 
1854 
1854 
1855 
1856 


1856 


W. Ottway and Co. Ltd. 
Horseley Bridge and 
Thomas Piggott Ltd. 
M. and W. Grazebrook Ltd. 
Alexander Stephen and Sons Ltd. 
Carron Company 
Spear and Jackson Ltd. 
Kirkstall Forge Engineering Ltd. 
J. and E. Hall Ltd. 
The Butterley Company Ltd. 
Newton, Chambers and Co. Ltd. 
N. Greening and Sons Ltd. 
Holman Bros. Ltd. 
E. H. Bentall and Co. Ltd. 
D. Napier and Son Ltd. 
Taskers of Andover (1932) Ltd. 
Siebe, Gorman and Company Ltd. 
Stothert and Pitt Ltd. 
North British Locomotive Co. Ltd. 
Bonallack and Sons Ltd. 
The United Wire Works Ltd. 
Charles Brand & Son Ltd. 
E. V. Twose (Manufacturing) Ltd. 
Sir W. H. Bailey and Co. Ltd. 
James Bennie and Sons Ltd. 
Robert Harlow and Son Lid. 
W. T. Henley’s Telegraph Works 
Company Ltd. 
George Kent Ltd. 
Thomas Robinson and Son Ltd. 
T. H. and J. Daniels Ltd. 
Ruston and Hornsby Ltd. 
Wm. Denny and Brothers Ltd. 
The Stanton Ironworks Company Ltd. 
Wilkinsons Tools Ltd. 
R. and J. Dick Ltd. 
Burt, Boulton and Haywood Ltd. 
Marshall, Sons and Co. Ltd. 
Aveling-Barford Ltd. 
Fisher and Ludlow Ltd. 
Negretti and Zambra Ltd. 
Short Brothers Ltd. 
Scriven Machine Tools Ltd. 
Glenfield and Kennedy Ltd. 
Craven Brothers (Manchester) Ltd. 
Beyer Peacock and Co. Ltd. 
Pickerings Ltd. 
Shaw Glasgow Ltd. 
English Steel Corporation Ltd. 
(January) Gilbert Gilkes and Gordon 
Ltd. 
(January) Tangyes Ltd. 


1683 
1711 


1750 
1760 
1777 
1783 
1788 
1790 
1797 
1800 
1802 
1806 
1812 
1815 
1820 
1821 
1823 


1826 
1830 
1830 
1833 
1835 
1837 
1837 
1838 
1838 
1839 
1840 
1842 
1844 
1844 
1846 
1846 
1848 
1849 
1850 
1850 
1850 


- 1850 


185] 
1852 
1853 
1854 
1854 
1854 
1855 
1856 
1856 


INSTITUTIONS AND SOCIETIES 


Royal Society 

Institution of Civil Engineers 

Institution of Mechanical Engineers 

North of England Institute of Mining 
and Mechanical Engineers 

Manchester Association of Engineers 


Mechanics 


1754 
1831 


1852 
1854 


Royal Society of Arts 
British Association for the 


Advancement of Science 


London Association of Engineers 
Society of Engineers 


JOURNALS 


Journal of Commerce 
Gas Journal 


1799 
1838 


1838 


(circa) Davison and Company 
(Hexhan,) Ltd. 
Scotts’ Shipbuilding and 
Engineering Compaivy Ltd, 
Worthington-Simpson Ltd. 
Geo. Salter and Co. Ltd. 
Rose, Downs and Thompson Lid. 
Thomas Bolton and Sons Ltd. 
George Angus and Co. Ltd. 
John Harper and Co. Ltd. 
Boulton and Paul Ltd. 
Mather and Platt Ltd. 
The Lilleshall Company Ltd. 
Brown Lenox and Company Ltd. 
W. Tyzack Sons and Turner Ltd. 
Craig and Donald Ltd. 
Samuel Denison and Son Ltd. 
E. Green and Son Ltd. 
Robert Stephenson and Hawthorns 
Ltd. 
S. P. Austin and Son Ltd. 
(circa) Buck and Hickman Ltd. 
The Vulcan Foundry Ltd. 
Hick, Hargreaves and Co. Ltd. 
Henry Wiggin and Company Ltd. 
Bartram and Sons Ltd. 
E. R. and F. Turner Ltd. 
George Fletcher and Co. Ltd. 
Wm. Pickersgill and Sons Ltd. 
Hunt Bros. (Oldbury) Ltd. 
William Doxford and Sons Ltd. 
Daniel Adamson and Company Ltd. 
Dewrance and Co. Ltd. 
Jas. Williamson and Son Ltd. 
Cowans, Sheldon and Co. Ltd. 
Joseph L. Thompson and Sons Ltd. 
Matthew Hall and Co. Ltd. 
D. Anderson and Son Ltd. 
Budenberg Gauge Co. Ltd. 
John Fowler and Co. (Leeds) Ltd. 
Savages Ltd. 
(circa) Steel, Peech and Tozer 
Tyer and Co. Ltd. 
Samuel Osborn and Co. Ltd. 
Hall Harding Ltd. 
Cochranes (Middlesbro’) Foundry Ltd. 
Robey and Co. Ltd. 
Smith and Wellstood Ltd. 
Herbert Terry and Sons Ltd. 
(January) Greenwood and Batley Ltd. 
(January) Normanby Iron Works 
Company Ltd. 


Royal Institution of Great Britain 

Manchester Geological and Mining 
Society 

Royal Agricultural Society of 
England 


Mining Journal 











